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ALTERNATIVES  FOR  UPGRADING  OR  CLOSING  ARMY 
LANDFILLS  CLASSIFIED  AS  OPEN  DUMPS 


n 


1  INTRODUCTION 


Background 

The  Resource  Conservation  and  Recovery  Act  of  1976  (RCRA)  has  mandated 
that  the  Environmental  Protection  Agency  (EPA)  make  an  inventory  of  all  land¬ 
fill  disposal  sites  in  the  United  States ♦  State  agencies  must  classify  the 
sites  for  solid  waste  as  either  open  dumps  or  sanitary  landfills.  If  a  land 
disposal  site  is  classified  an  open  dump,  it  must  be  closed  or  upgraded  to  a 
sanitary  landf il 1 . 

No  Army  regulations  or  technical  manuals  now  provide  guidance  on  upgrad¬ 
ing  or  closing  landfills.  Therefore,  the  Office  of  the  Chief  of  Engineers 
asked  the  U.S.  Army  Construction  Engineering  Research  Laboratory  to  compile 
the  information  Facility  Engineers  (FEs)  need  to  choose  among  upgrade  and  clo¬ 
sure  alternatives. 


Objectives 


The  objectives  of  this  report  are:  (1)  to  provide  FEs  technical  informa¬ 
tion  on  upgrading  and  closing  landfills  classified  as  open  dumps;  and  (2)  to 
give  cost  information  which  will  allow  the  FE  to  compare  alternative  methods 
of  upgrading  a  noncomplying  site. 


Approach 

The  information  in  this  report  was  gathered  by  a  search  of  the  literature 
on  remedial  actions  at  waste  disposal  sites,  and  by  field  surveys  at  operating 
and  closed  landfills.  The  three  major  sources  used  in  compiling  costs  were: 
Means  Building  Construction  Cost  Data.  Remedial  Action  Alternatives  for  Muni¬ 
cipal  Solid  Waste  Landfill  Sites,  and  Manual  for  Remedial  Actions  at  Waste 
Disposal  SitesT^  Means  data  were  used  whenever  possible  to  ensure  con¬ 
sistency,  but  in  cases  of  limited  data  application,  one  of  the  alternate 
sources  was  consulted. 


1  Building  Construction  Cost  Data:  1980 >  38th  ed.  (Robert  Snow  Means  Company, 
Inc.,  1979);  W.  W.  Beck,  Jr.,  Remedial  Action  Alternatives  for  Municipal 
Solid  Waste  Landfill  Sites  (A.  W.  Martin  Associates,  Inc.,  1978);  Manual  for 
Remedial  Actions  at  Waste  Disposal  Sites  (JRB  Associates,  Inc.,  1980). 
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Scope 


Because  of  the  wide  variations  in  site  conditions  faced  by  different 
instal lat ions ,  this  report  is  not  intended  as  an  engineering/construction 
manual,  nor  is  it  designed  to  provide  an  exact  cost  for  upgrading  individual 
sites.  Rather,  it  provides  the  FE  with  a  basis  for  making  a  preliminary  deci¬ 
sion  about  any  site.  It  should  also  be  noted  that  the  information  in  this 
report  applies  only  to  municipal  waste  landfills;  it  is  not  applicable  to 
sites  containing  explosives  or  industrial  organics. 


Use  of  This  Report 

In  this  report  the  technologies  for  upgrading  or  closing  landfills  are 
organized  according  to  the  RCRA  Section  4004  criteria  published  in  the  13  Sep¬ 
tember  1979  Federal  Register.  For  each  remedial  action,  there  is  a  brief  dis¬ 
cussion  and  illustration  of  the  technology,  an  estimate  of  the  overall  cost  of 
that  technology,  and  an  explanation  of  the  type  of  labor  and  equipment 
required  to  perform  the  construction. 

A  brief  discussion  of  the  advantages  and  disadvantages  of  these  technolo¬ 
gies  provides  the  user  a  realistic  appraisal  of  each  application.  Often,  a 
technology  can  be  used  to  solve  more  than  one  problem.  (For  example,  liners 
can  be  used  to  control  the  impacts  of  surface  water,  groundwater,  and  gases.) 
When  this  is  the  case,  the  technologies  are  cross-referenced. 

The  costs  in  this  report  can  be  used  to  make  or der-of -magnitude  estimates 
to  compare  specific  alternatives  for  upgrade.*  A  simple  procedure  is  followed 
to  estimate  costs: 

1.  Determine  needed  scope  of  work  for  remedial  activity  and  derive  unit 
multipliers,  usually  in  terms  of  length,  area,  or  volume,  depending 
on  the  particular  remedial  action 

2.  Outline  necessary  construction  activities 

3.  Assign  costs  per  activity  and  apply  multipliers 

4.  Determine  total  construction  costs. 

If  non-Army  personnel  are  used  for  design  and  construction,  a  9  percent 
engineering  fee  and  15  percent  contingency  costs  will  have  to  be  added  to  the 
total  construction  expense  to  figure  total  capital  costs.  Note  that  it  has 
been  assumed  that  most  heavy  equipment  is  available;  the  costs  of  acquisition 
are  not  included  in  the  estimates. 


*  Note  that  all  cost  estimates  are  listed  with  1980  as  the  base  year.  Local 
conditions  must  be  considered  and  inflation  factors  used  for  each  applica¬ 
tion. 
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The  operation  and  maintenance  (O&M)  costs  for  each  system  have  not  been 
included  in  the  cost  estimates.  All  upgrading  technologies  discussed  in  this 
report  require  at  least  periodic  inspections  and  minor  maintenance.  For  exam¬ 
ple,  a  diversion  structure  may  have  to  be  rebuilt  and  replanted  in  sections 
because  of  animal  burrowing  and  subsequent  unpredicted  erosion.  All  mechani¬ 
cal  system  alternatives  described  will  require  preventive  and  scheduled 
maintenance  activities.  In  addition,  energy  costs  must  be  considered.  Signi¬ 
ficant  O&M  costs  have  been  noted ,  and  methods  of  estimating  these  expenses  are 
included  in  Appendix  A. 

The  specific  characteristics  and  location  of  the  site  have  a  significant 
impact  on  the  costs  associated  with  a  particular  alternative.  For  example, 
the  absence  of  native  clay  will  increase  the  cost  of  constructing  levees,  and 
the  soil  type  at  the  site  will  influence  the  cost  of  erosion  control  and  com¬ 
paction. 

Table  1  is  a  quick  reference  to  the  upgrading  technologies  that  the  FE 
can  use  to  make  a  landfill  comply  with  RCRA's  Section  4004  criteria. 


Mode  of  Technology  Transfer 

The  information  in  this  report  will  impact  on  Army  Regulation  (AR)  420- 
47,  Solid  Waste  Management. 


▼ 


2  FLOODPLAINS 


According  to  the  floodplains  criterion  under  RCRA's  Section  4004,  land¬ 
fills  in  100-year  floodplains  must  be  improved  to  protect  against  washout.  In 
addition  the  land  disposal  site,  as  upgraded  with  dikes,  berms,  or  other 
improvements,  must  not  restrict  normal  overflow  patterns,  and  thereby  increase 
flooding  elsewhere  along  the  stream. 

There  are  two  strategies  for  complying  with  the  Section  4004  floodplains 
criterion.  One  involves  establishing  barriers  which  prevent  floodwaters  from 
entering  the  landfill;  the  other  allows  floodwaters  to  enter  the  site,  but 
prevents  surface  material  from  being  washed  out  with  receding  waters.  Fig¬ 
ure  1  shows  a  typical  decision  flow  for  selecting  diversion  techniques  and 
washout  prevention  measures.  This  diagram  can  be  followed  to  determine  which 
site-specific  circumstances  will  require  a  particular  upgrade  technology. 


Diversion  Systems 

Diversion  systems  are  barriers  such  as  levees,  berms,  and  flood  walls, 
which  can  be  built  to  prevent  floodwaters  from  entering  the  landfill.  Diver¬ 
sion  systems  are  made  either  of  earthen  materials  with  or  without  a  clay  core, 
or  of  concrete.  The  design  is  determined  by  the  size  of  the  100-year  base 
flood,  the  size  of  the  landfill,  land  availability,  and  the  landfill's  opera¬ 
tional  design.  There  may  be  additional  costs  for  berms  and  levees  since  these 
barriers  may  have  to  be  rebuilt  or  regraded  and  planted  after  the  floodwater 
has  receded. 


<  V* i .?  t  h'i ?  t i m< 1 1 e a  f o v  Levers 

Table  2  gives  the  costs  for  a  typical  levee  design  (Figure  2). 

<  ,V\?  t  h 6*  t  ima  tea  J  or  F  l  oo,  Iwa  1 1  s 

Prices  were  developed  for  two  different  floodwall  designs  —  gravity  con¬ 
crete  and  reinforced  concrete  cantilever.  Both  designs  are  10-ft  high  and 
have  a  33  degree  surcharge.  The  costs  include  excavation  and  backfill  but  not 
additional  site  preparation  (Table  3). 

t  'oat  Fo t  [mates  for  Control  of  Backwater  Flow 

The  dredging  of  areas  to  increase  backwater  flow  depends  entirely  on 
local  conditions,  including  bank  type,  river  flow  and  velocities,  type  of 
soil,  and  vegetation.  Because  of  these  factors,  detailed  unit  costs  could  not 
be  derived.  Instead,  expected  costs  per  unit  of  the  various  activities  are 
listed  in  Table  4.  Once  the  type  of  dredging,  and  the  amount  and  type  of 
excavation  are  known,  the  unit  costs  can  be  used  to  arrive  at  expected  capital 
costs. 

A  do  an  l  ages /M  s advantages 

Table  5  lists  the  advantages,  disadvantages,  and  restrictions  in  using 
diversion  systems  to  prevent  washouts  during  floods. 
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til  i?i  to  t \ ' w> i : ic vat  ion 

Dredging  costs  for  diversion  systems  may  vary  substantially  depending  on 
bank  type,  river  flow  and  velocity,  type  of  soil,  and  vegetation. 


Washout  Prevention 

Several  technologies  can  prevent  the  washout  of  waste  materials  from 
landfills  during  floods:  gabions,  fabric  barriers,  and  other  revetments. 

These  structures  can  handle  heavy  or  sustained  flows;  however,  infiltration 
j  barriers  must  be  used  with  washout  prevention  techniques  (see  the  discussion 

s  of  surface  water  and  groundwater  controls  in  Chapters  4  and  5). 

Table  6  gives  costs  for  gabions,  a  typical  washout  control  technique. 

Site  preparation  expenses,  which  vary  widely,  are  not  included. 

Table  7  lists  advantages,  disadvantages,  and  restrictions  in  using 
washout  prevention  techniques.  Before  using  these  methods,  the  FE  should  con¬ 
sider  fully  the  characteristics  of  stream  flow,  including  the  frequency  of 
heavy  and  sustained  flow,  and  flood  storage. 


< 

i 
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3  ENDANGERED  SPECIES 


According  to  the  endangered  species  criterion  of  RCRA's  Section  4004,  the 
landfill  facility,  or  remedial  actions,  must  not  kill  endangered  species,  and 
must  not  eliminate  nor  damage  their  critical  habitat*  Recommendations  for 
remedial  actions  are  difficult  to  make  because  solutions  are  site-specific  — 
determined  by  the  size  and  type  of  landfill,  the  species  requiring  protection, 
and  many  other  variables*  Complete  listings  of  the  endangered  and  threatened 
wildlife  species  and  the  specifications  for  their  protection  are  in  50  CFR 
17.11. 

Generally,  the  options  available  for  protecting  endangered  species  are; 

1.  Selective  landfilling,  in  which  portions  of  the  landfill  area  are 
reserved  for  the  species'  habitat 

2.  Mitigation  land,  which  compensates  for  the  loss  of  the  ecological 
value  of  the  land  by  providing  other  land  of  the  same  characteristics 
as  that  being  lost  to  landfilling 

3.  Deep  or  vertical  landfilling,  which  minimizes  the  area  of  the  land 
being  filled  by  making  the  disposal  area  as  deep  as  possible. 

Each  of  these  must  be  reviewed  before  costs  can  be  estimated  since  the 
selection  of  an  option  must  be  based  on  land  availability  and  amount  of  criti¬ 
cal  habitat  (Figure  3).  Generally,  acquiring  mitigation  land  can  be  expected 
to  be  most  expensive  because  experience  has  shown  that  two  parcels  of  new  land 
will  be  needed  to  replace  each  parcel  of  original  habitat*  Additional  costs 
can  be  anticipated  for  legal  and  administrative  services  for  transfer  of  land 
parcels,  biological  studies,  and  regrading  or  revegetation. 
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4  SURFACE  WATER 

The  surface  water  criterion  of  Section  4004  requires  that  the  disposal 
site,  as  upgraded,  not  discharge  pollutants  into  surface  waters  in  violation 
of  the  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit  require¬ 
ments  of  Section  402  of  the  Clean  Water  Act  (CWA);  that  the  disposal  site  not 
discharge  dredged  or  fill  material  into  surface  waters  in  violation  of  Section 
404  of  the  CWA;  and  that  the  disposal  site  not  cause  non-point  runoff  in  vio¬ 
lation  of  the  CWA  Section  208  water  quality  management  plan* 

An  active  landfill  operation  may  directly  affect  surface  water  quality  in 
two  ways*  First,  runoff,  carrying  sediment  or  solid  wastes  from  bare  landfill 
surfaces,  adds  to  the  turbidity  and  nutrient  levels  of  surface  water*  Second, 
contaminated  leachate  reaches  the  body  of  water  —  either  directly,  as  seepage 
runoff  or  seepage  from  a  contaminated  aquifer  into  a  stream  below  surface 
water  level,  or  indirectly,  as  surface  runoff. 

Important  considerations  in  selecting  the  appropriate  upgrade  technology 
include  topography,  geologic  and  hydrologic  conditions,  amount  of  water,  and 
degree  of  contaminants*  Before  taking  remedial  action,  the  FE  must  see 
whether  NPDES  permits  and  Dredge  and  Fill  Permits  are  needed*  If  a  waterway 
is  channeled  or  directed,  for  example,  these  permits  must  be  obtained*  Figure 
4  illustrates  the  process  for  selecting  surface  water  protection  techniques* 
Options  for  remedial  action  are  discussed  below. 


Ditches 


Ditches  (or  swales)  are  temporary  drainage  ways  excavated  above  and  below 
disturbed  areas  to  intercept  and  divert  runoff.  They  may  be  dug  along  the 
up-slope  perimeter  of  disposal  areas  to  intercept  storm  runoff  and  carry  it  to 
natural  drainage  channels  down-slope  of  the  site*  As  shown  in  Figure  5, 
ditches  may  also  be  installed  down-slope  of  covered  disposal  sites  to  collect 
and  transport  sediment- laden  flow  to  sediment  traps  or  basins*  Ditches  should 
be  left  in  place  until  the  disposal  site  is  sealed  and  stabilized  with  cover 
vegetation* 

Table  8  gives  the  costs  for  a  typical  ditch  design:  12-ft  wide  at  the 
top,  with  walls  sloping  in  2:1  to  4-ft  wide  at  the  bottom,  with  a  total  lepth 
of  2  ft. 


The  advantages,  disadvantages,  and  restrictions  in  using  ditches  for  pro¬ 
tecting  surface  waters  are  listed  in  Table  9. 

Ditches  should  be  used  to  divert  surface  runoff  only  when  the  slope  of 
the  landfill  is  less  than  15  percent.  Otherwise,  the  ditches  become  very  dif¬ 
ficult  and  expensive  to  maintain. 
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Diversions 


Diversions  are  permanent  or  temporary  shallow  drainage  ways  excavated 
along  the  contour  of  graded  slopes,  with  a  supporting  earthen  ridge  (dike  or 
berm)  constructed  along  the  downhill  edge  of  the  drainage  way*  Essentially,  a 
diversion  is  a  combination  of  a  ditch  and  a  dike*2  Diversions  are  used  pri¬ 
marily  for  permanent  erosion  control  on  long  slopes  subject  to  heavy  flow,  and 
may  be  constructed  to  divide  long  slopes  into  nonerosive  segments.  Diversions 
may  also  be  built  at  the  top  or  at  the  base  of  long  graded  slopes  at  disposal 
sites  to  intercept  and  carry  flow  at  nonerosive  velocities  to  natural  or 
prepared  outlets  (e.g.,  level  runoff  spreaders). 

For  the  costs  of  diversions,  see  the  estimates  for  ditches  in  Table  8. 

Table  10  lists  the  advantages,  disadvantages,  and  restrictions  in  using 
diversions. 

Table  11  presents  the  maximum  permissible  design  velocities  for  flow  in 
diversion  ditches  and  ground  waterways,  based  on  the  channel  grade  and  stabil¬ 
izing  cover  material. 

Diversions  are  recommended  for  use  only  on  slopes  of  15  percent  or  less. 


Terraces  and  benches  are  relatively  flat  areas  built  along  the  contour  of 
very  long  or  very  steep  slopes  to  slow  runoff  and  channel  it  into  ditches  or 
diversions  so  that  it  is  carried  off-site  without  causing  erosion.  These 
structures  are  also  known  as  bench  terraces  or  drainage  benches. 

Although  benches  and  terraces  are  slope  reduction  devices,  they  are  gen¬ 
erally  constructed  with  reverse  fall  or  natural  fall  to  divert  water  to  sta¬ 
bilized  drainage  ways  (Figures  6  and  7).  Benches  and  terraces  may  be  used  to 
break  the  steeply  graded  slopes  of  covered  disposal  sites  into  less  erodible 
segments.  Up-slope  of  the  disposal  site,  they  slow  and  divert  storm  runoff 
around  the  site.  Down-slope  of  landfill  areas,  they  intercept  and  divert 
sediment-laden  runoff  to  traps  or  basins. 

Costs  have  been  prepared  for  a  trench  6-ft  wide  at  the  top,  1.5-ft  deep, 
with  walls  sloping  2:1  to  the  bottom  (Table  12).  It  is  constructed  by  build¬ 
ing  up  the  earth  cover  of  the  down-slope  shelf. 

Table  13  lists  the  advantages,  disadvantages ,  and  restrictions  in  con¬ 
structing  benches  and  terraces  for  controlling  surface  runoff. 

Benches  and  terraces  can  be  used  most  effectively  on  very  steep  or  very 
long  slopes  and  in  areas  where  high  precipitation  rates  create  heavy  surface 
runoff. 


2  Erosion  and  Sediment  Control; Surf  ace  M in i ng_  in  tfre  Ea stejn  Ujq jjfcjgd.  S  tg tgs  , 

EPA  Technology  Transfer  (U.S.  Environmental  Protection  Agency  lEPA],  1976). 
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Chutes  and  Downpipes 


Chutes  and  downpipes  are  used  to  carry  concentrated  runoff  flows  from  one 
level  to  another.  Chutes  (or  flumes)  are  open  channels,  normally  lined  with 
bituminous  concrete,  Portland  cement  concrete,  grouted  rip-rap,  or  similar 
nonerodible  material.  These  structures  may  be  useful  in  handling  runoff  on 
long,  steep  slopes  at  disposal  sites.  Downpipes  (dovndrains,  pipe  slope 
drains)  are  temporary  structures  made  of  rigid  piping  (such  as  corrugated 
metal)  or  flexible  tubing  of  heavy-duty  fabric  (Figure  8).  They  are  installed 
with  a  standard  prefabricated  entrance  section  and  are  designed  to  handle  flow 
from  drainage  areas  of  5  acres  or  smaller.  Like  paved  chutes,  downpipes 
discharge  to  stabilized  outlets  or  sediment  traps.  Downpipes  may  be  used  to 
collect  and  transport  runoff  from  long,  isolated  outslopes  or  from  small 
disposal  areas  along  steep  slopes. 

Cost  Estimates  for  Wived  Chutes 

Chute  designs  depend  on  areas  of  drainage.  The  costs  in  Table  14  were 
developed  for  a  drainage  area  of  18  acres.  The  chute  is  10-ft  wide  at  the 
bottom,  1-ft  deep,  with  walls  sloping  down  1.5:1.  Included  are  costs  of  rip¬ 
rap  stabilization  bed  (1.5-ft  high  x  6-ft  long  x  24-ft  wide).  The  costs  of 
end  flumes  are  not  included.  The  typical  total  cost  for  a  100-yd  chute  systen 
is  $3000  to  $6000. 

Cost  Estimates  for  Downpipes 

Costs  were  developed  for  a  corrugated  metal  downpipe  to  drain  the  area 
behind  a  dike  wall  (Table  15).  It  was  assumed  that  between  0.25  and  1.00  cu 
yd/linear  yd  (cy/ly)  excavation  was  typical  for  this  construction.  Included 
are  costs  of  rip-rap  stabilization  apron  (1-ft  high  x  9-ft  long  x  18-ft  wide). 
The  typical  total  cost  for  a  100-yd  downpipe  system  is  $10,000  to  $12,000. 
There  may  be  additional  costs  if  much  diking  reconstruction  is  necessary  for 
installation. 


A  dvan  t  ag  e  s  /D  i  sadvc  nit  ages 


Table  16  lists  the  advantages,  disadvantages,  and  restrictions  in  using 
chutes  and  downdrains. 

1  via  i  S i  t e  Con . ?  i de va  t i ons 

Chutes  and  downdrains  are  rather  expensive  to  construct  and  maintain,  and 
should  be  used  only  where  the  area  is  too  steep  for  benches,  terraces,  diver¬ 
sions,  or  ditches. 


Drainage  Systems 

Gravity  drainage  systems  are  designed  to  remove  a  specific  volume  of 
water  from  a  disposal  site  in  a  given  length  of  time.  They  consist  of  a 
filter,  a  collector  or  series  of  collectors,  and  a  basin  or  sump  for  disposal 
of  the  collected  water  (Figure  9). 
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A  drainage  system  can  help  the  FE  achieve  several  objectives.  Host  fre¬ 
quently,  it  is  used  to  intercept  runoff  and  infiltration  from  a  site,  and  to 
dispose  of  or  treat  the  water  dovngradient  of  the  site.  A  drainage  system  may 
also  be  used  to  intercept  water  around  the  site  and  to  lower  groundwater 
elevation  slightly. 

Frequently,  the  collectors  or  recharge  basin  are  used  with  other  remedial 
techniques.  Collectors  may  discharge  to  a  treatment  system  if  the  water 
drained  from  the  site  is  contaminated.  A  recharge  basin  may  be  used  with  a 
groundwater  pumping  and  treatment  system  to  recycle  the  treated  water. 

The  design  of  a  drainage  system  depends  on  the  drainage  characteristics 
of  the  soil,  the  extent  to  which  drainage  is  needed,  and  the  length  of  time 
the  system  will  operate.  Drainage  capabilities  of  the  soil  depend  on  soil 
permeability,  consolidation,  and  shrinkage. ^ 

The  filter  is  a  porous  material  which  prevents  movement  of  the  soil  into 
the  drains,  but  is  pervious  enough  to  offer  little  resistance  to  seepage. 
Filters  are  generally  designed  to  restrain  only  the  coarsest  15  percent  of  the 
soil.  As  the  coarse  sands  collect  over  the  filter  openings,  their  voids  in 
turn  create  small  openings  to  trap  even  smaller  soil  particles. 

Cos  t  Es  timatcs  for  Grai'r  l-Fi  1 1 c\  l  7  Vi  molh 's 

Cost 8  were  developed  for  a  gravel-filled  trench  lp-ft  deep  (8  ft  of 
gravel,  2  ft  of  topsoil)  x  3-ft  wide,  lined  with  synthetic  fabric  (Table  17). 

Cost  Est  imates  for  PVC  Pip ing /Trenail  Cys terns 

Table  18  lists  costs  for  4-in.  perforated  polyvinyl  chloride  (PVC)  pipe 
laid  in  a  1.5-ft  wide  x  6-ft  deep  ( 5— ft  gravel)  trench.  The  pipes  drain  to  a 
header  pipe  or  sump.  Costs  for  collection  are  not  included. 

Advaritagcs/ Disadvantages 

Table  19  lists  the  advantages,  disadvantages,  and  restrictions  in  using 
drainage  systems. 


Sedimentation  Ponds 


Collected  surface  runoff  from  the  landfill  usually  carries  large  amounts 
of  silt,  which  must  settle  out  before  the  runoff  is  discharged  into  a  body  of 
surface  water.  This  settling  is  done  in  holding  or  sedimentation  ponds.  A 
typical  design  for  a  sediment  basin  embankment  is  presented  in  Figure  10.  A 
professional  engineer  or  hydrologist  should  design  holding  ponds  to  have 
enough  capacity  during  storms,  when  erosion  may  be  most  severe.  Field  manuals 
provided  by  regional  offices  of  the  U.S.  Soil  Conservation  Service  are  helpful 
in  determining  the  most  effective  erosion  protection  methods  for  individual 
sites • 


3  G.  B.  Sowers  and  G.  F.  Sower 6,  Introductory  Soil  Mechanics  and  Foundations. 

3rd  ed.  (Macmillan  &  Co.  ,  1970),  p  183. 


A  variety  of  excavation  techniques,  with  a  wide  range  of  costs,  may  be 
used*  The  costs  in  Table  20  have  been  developed  using  the  lowest  and  highest 
priced  methods  to  give  this  range. 

Table  21  lists  the  advantages,  disadvantages,  and  restrictions  in  using 
sedimentation  ponds  and  basins* 


Grading  and  Planting 

Landfill  slopes  must  be  graded  to  improve  runoff  while  minimizing  ero¬ 
sion*  The  final  grade  of  a  landfill  should  prevent  water  from  ponding,  but 
should  not  exceed  30  percent.  A  minimum  slope,  including  terraces,  of  2  per¬ 
cent  is  recommended*  By  carefully  designing  landfill  surface  gradients,  and 
selecting  the  correct  vegetation,  and  soil  type  and  thickness,  the  FE  can 
minimize  or  prevent  infiltration* 

For  constructing  final  slopes,  clay  or  silty  clay  soils  are  preferable 
because  of  their  resistance  to  erosion  and  infiltration  when  compacted.  San¬ 
dier  soil 8  erode  more  quickly  and  allow  greater  infiltration  into  the  land¬ 
fill. 


Unit  costs  for  regrading  and  revegetation  are  presented  in  Table  22.  A 
further  breakdown  is  possible  only  when  the  type  and  amount  of  regrading  and 
revegetation  are  known* 

Table  23  lists  the  advantages,  disadvantages ,  and  restrictions  in  grading 
and  planting. 

Table  24  shows  the  effect  of  several  plants  on  the  water  of  the  landfill. 


Surface  Capping 

A  surface  cap  must  be  put  in  place  after  landfilling  in  any  area  has  been 
completed.  A  cap  reduces  or  eliminates  infiltration,  thereby  limiting 
leachate  production*  In  addition,  the  cap  prevents  movement  of  leachate  to 
the  surface.  Surface  lining  or  capping  can  be  done  with  clays  or  synthetic 
membranes*  Once  a  membrane  is  placed,  it  must  be  maintained  to  protect  its 
integrity.  If  a  clay  is  selected,  it  should  have  a  permeability  no  greater 
than  1  x  10~7  cm/sec;  a  soil  should  have  a  liquid  limit  of  at  least  30,  and  a 
plasticity  index  of  at  least  13.  Surface  lining  is  a  new  concept  that  has 
been  used  infrequently* 

When  selecting  natural  or  synthetic  materials  to  seal  or  cap  the  surface, 
the  FE  should  know  the  limitations  of  each.  Clay  is  subject  to  cracking  when 
it  dries,  settling,  root  decay*  or  root  intrusion.  On  the  other  hand,  syn¬ 
thetic  barriers  may  be  punctured  or  may  fail  because  of  faulty  installation 
techniques,  inferior  product  quality,  or  poor  maintenance  practices.  Other 
disadvantages  of  capping  include  the  difficulty  of  constructing  an  even, 
gently  sloping  top  surface  that  is  free  of  depressions  which  can  hold  rainwa¬ 
ter.  Clearly,  the  FE  must  follow  proper  installation  and  maintenance 
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procedures  for  these  materials*  Each  product  should  be  evaluated  for  cost  and 
compatibility  with  disposal  operations.  Figure  11  illustrates  various  final 
cover  alternatives. 

Table  25  gives  the  costs  for  four  different  caps  that  are  commonly  used: 
clay,  PVC  membrane,  bentonite  cement,  and  bituminous  concrete. 

Table  26  summarizes  the  advantages,  disadvantages,  and  restrictions  in 
using  synthetic  and  clay  caps  to  control  leachate  production  and  movement. 

If  clay  is  not  available  on-site  or  nearby,  the  cost  of  transporting  the 
material  to  the  site  will  be  very  high.  The  other  option  is  to  use  synthetic 
materials,  but  these  will  be  expensive  to  purchase,  install,  and  maintain 
properly  • 


Liners 


Leachate  may  have  to  be  totally  contained  in  the  landfill  at  sites  where 
the  effluent's  generation  cannot  be  kept  at  acceptable  levels,  and  hydrogeolo- 
gic  conditions  cannot  minimize  its  impact  on  underlying  groundwater.  Typi¬ 
cally,  leachate  can  be  contained  if  the  refuse  fill  is  surrounded  by  an  imper¬ 
vious  barrier  or  liner,  creating  a  basin  to  hold  any  leachate  produced. 

Liner  materials  should  have  a  permeability  of  1  x  10“?  cm/sec,  or  less, 
and  be  able  to  resist  physical  and  chemical  attack  by  leachate.  As  a  rule, 
the  practical  minimum  thickness  for  natural  soil  liners  is  5  ft,  and  for  syn¬ 
thetic  membrane  liners,  20  mils.  If  synthetic  liners  are  selected,  their 
installation  must  be  closely  monitored. 

The  liner  should  be  placed  on  a  carefully  prepared  base  of  selected 
material  that  will  prevent  liner  puncture  while  providing  uniform,  relatively 
unyielding  support.  As  a  rule  it  is  prudent  to  scarify  and  recompact  the  base 
of  the  landfill  to  reduce  or  destroy  all  avenues  of  secondary  permeability.  A 
liner  can  be  laid  above  this.  The  liner  should  be  covered  with  material  that 
will  protect  it  from  damage  and  to  provide  a  drainage  blanket  for  the  leachate 
collection  system  when  the  liner  is  a  base  barrier.  Generally,  a  soil  layer 
about  2-ft  thick  effectively  protects  a  liner  from  puncture. 

Table  27  gives  costs  based  on  a  2-ft  excavation,  lined  and  filled  for 
liner  protection. 

Table  28  summarizes  the  advantages,  disadvantages,  and  restrictions  in 
using  synthetic  and  natural  liner  materials. 

A 8  with  surface  capping,  the  availability  of  clay  on-site  or  nearby  will 
determine  whether  the  material  can  be  used  economically,  or  whether  a  syn¬ 
thetic  liner  will  be  needed. 


Leachate  Seep  Control  Systems 

If  leachate  forms  in  the  landfill,  it  may  eventually  exit  on  fill  slopes, 
posing  a  threat  to  adjacent  bodies  of  surface  water.  Leachate  seeps  on  slopes 
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are  caused  when  surface  water  infiltrates  the  cover,  migrates  downward  until 
it  encounters  a  less  permeable  intermediate  soil  layer  or  refuse  lift,  and 
then  moves  laterally  until  it  seeps  through  thin  or  loose  cover  soil  on  a 
slope.  Slope  seeps  can  be  prevented  if  leachate  is  kept  from  forming,  but 
this  cannot  be  done  on  all  sites.  The  FE  can  control  leachate  seeps  effec¬ 
tively  by  taking  the  following  steps: 

1.  Removing  the  cover  soil  and  several  feet  of  refuse  in  the  seep  area 

2.  Placing  a  permeable  layer  of  material  to  intercept  the  seepage 

3.  Installing  a  collector  pipe  in  a  trench  from  the  seep  area  down  the 
slope  to  a  toe  collection  header  or  sump,  where  the  leachate  can  be 
adequately  managed 

4.  Replacing  the  cover  soil  over  the  permeable  material  and  trench,  and 
using  a  filter  fabric  between  the  cover  soil  and  permeable  material. 

Figure  12  illustrates  a  typical  control  system  for  leachate  seeps. 

Leachate  control  is  basically  a  specific  application  of  a  trench  drainage 
system  to  areas  that  are  displaying  leachate  seepage  problems.  See  Dra ina&e 
Systems  for  costs.  Table  29  lists  advantages,  disadvantages,  and  restrictions 
in  using  leachate  control  systems. 


s  GROUNDWATER 


The  groundwater  criterion  of  Section  4004  protects  underground  drinking 
water  sources  —  aquifers  supplying  drinking  water  for  human  consumption,  or 
containing  less  than  10  000  mg/L  total  dissolved  solids.  Landfills  over  such 
aquifers  may  not  contaminate  groundwater  beyond  the  solid  waste  boundary  (or 
an  alternative  boundary  specified  by  the  State,  if  a  solid  waste  management 
plan  has  been  approved).  Contamination  is  defined  as  pollution  beyond  the 
limits  specified  in  Appendix  A  of  the  Section  4004  criteria.  Where  these 
specified  limits  already  have  been  exceeded,  no  additional  contamination  is 
allowed. 

To  prevent  contamination  of  an  underground  drinking  water  source  beyond 
the  solid  waste  boundary,  the  adverse  impacts  of  leachate  must  be  prevented  or 
minimized  by  controlling  its  production,  containing  it  within  the  landfill 
boundary,  treating  it,  or  reversing  its  effects  on  the  environment. 

Several  techniques  which  can  be  used  to  minimize  leachate  generation  were 
discussed  in  Chapter  4: 

•  Ditches 

•  Diversions 

•  Benches/terraces 

•  Downdrains 

•  Drainage  systems 

•  Sedimentation  ponds 

•  Grading  and  planting 

•  Surface  capping 

•  Liners. 

This  chapter  examines  eight  additional  technologies: 

•  Trenches 

•  Grouting 

•  Subsurface  drainage 

•  Dewatering  systems 

•  Leachate  collection 

•  Leachate  treatment 

•  Leachate  recirculation 

•  Leachate  attenuation. 

Figure  13  presents  the  decision  flow  for  choosing  groundwater  protection 
technologies . 


Trenches 


Slurry  and  clay-filled  trenches  are  used  in  areas  of  completed  landfil¬ 
ling  where  the  depth  of  low-permeability  soils  is  relatively  low,  typically 
leas  than  20  ft  (Figure  14),  Compacted  clay  or  synthetic  liners  are  typically 
used  in  new  landfills,  where  they  can  be  placed  when  the  area  is  excavated. 
Slurry  trenches  are  constructed  by  digging  a  trench  into  which  a  bentonite 
slurry  is  pumped.  The  slurry  both  stabilizes  the  trench  walls  and  ultimately 
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forms  an  impermeable  barrier  to  leachate  or  groundwater  migration.  If  low- 
permeability  clay  is  available  on  the  site,  trenches  can  also  be  backfilled. 
Clay  should  be  compacted  in  lifts  no  more  than  18-in.  thick.  When  new  areas 
are  excavated  in  the  landfill,  a  similar  containment  can  be  produced  by  leav¬ 
ing  a  backs  lope  into  the  fill  and  surfacing  this  slope  with  impermeable  clay. 

Tables  30  and  31  present  costs  for  two  types  of  trenches:  bentonite 
slurry/backfill  and  compacted  clay;  multiplier:  volume  of  trench  *=  13.33 
cy/ly.  Both  designs  are  20-ft  deep  and  6-ft  wide  at  the  bottom. 

Table  32  lists  the  advantages,  disadvantages,  and  restrictions  in  con¬ 
structing  trenches  for  containing  leachate. 

If  groundwater  flow  is  not  affected  by  the  landfilling  operation,  or  if 
barriers  already  exist  (either  natural  or  synthetic),  then  trenches  are  not 
needed  to  control  lateral  flow* 


Grouting 


Grout  curtains  have  been  used  infrequently  in  landfills  to  decrease 
soil/rock  permeability  and  to  seal  large  voids.  These  objectives  are  gen¬ 
erally  achieved  by  one  of  the  following  methods: 


1.  Area  grouting:  low-pressure  blanket  or  area  grouting  performed  to 
seal  and  consolidate  soils  near  the  surface 


2.  High-pressure  grouting:  grouting  at  depth  to  seal  fissures  or  small 
void  spaces  under  high  overburden 

3.  Contact  grouting:  injection  of  a  slurry  at  the  outer  surface  of  an 
excavation  to  seal  possible  passage  for  water  flow  (a  relatively  com¬ 
plex,  costly  method  —  as  yet  unproven  in  landfills). 

Grout  curtains  are  used  primarily  in  areas  of  fractured  rock  and  deep  ground- 
water  • 


There  are  three  types  of  grouting  materials:  cement,  bituminous,  and 
chemical.  Specific  grout  mixtures  include  Portland  cement,  sand-cement, 
clay-cement,  clay-bentonite,  bituminous  emulsions,  sodium  silicate, 
acrylamide/methylene  bisacrylamide,  and  chrome  lignin.  The  applicability  of 
each  material  is  based  on  grain  size  or  fissure,  and  thickness  of  the  geologic 
formation.  A  thorough  subsurface  investigation,  including  coring  of  fractured 
rock,  must  be  done  before  any  grouting  program  is  designed. 

Grout  curtains  are  emplaced  by  forcing  a  thin  cement  grout  through  tubes 
which  are  driven  deep  into  the  ground  on  closely  spaced  centers  (2  to  10  ft). 
Figures  13  and  16  depict  grout  curtain  patterns  and  an  upgradient  application. 

The  equipment  and  techniques  for  installing  grouting  are  highly  special¬ 
ized.  A  specific  list  of  the  equipment  needed  is  not  available;  generally, 
however,  specialty  drills  (for  boring  injection  holes),  grout  mixers,  and 
grout  pumps  are  used.  The  costs  in  Table  33  have  been  developed  for  a  typical 


grout  curtain,  as  shown  in  Figure  16.  The  curtain  is  60-fL  deep  and  consists 
of  two  rows  of  2.5-ft  radius  pumpings.  The  soil  was  assumed  to  have  porosity 
of  25  percent. 


See  Table  34  for  a  summary  of  the  advantages,  disadvantages,  and  restric¬ 
tions  in  using  grouting  to  protect  groundwater. 


Subsurface  Drainage 

Subsurface  drains  are  mainly  used  to  collect  leachate  from  a  site  where 
the  depth  to  groundwater  is  less  than  20  ft.  They  are  especially  effective  in 
areas  of  shallow  perched  water.  Constructed  of  permeable  rock  in  a  trench 
extending  into  the  groundwater  table,  subsurface  drains  should  be  at  least 
5  ft  deeper  than  the  lowest  seasonal  groundwater  level.  Drains  are  placed 
downgradient  of  the  landfill  to  intercept  contaminated  groundwater  leaving  the 
landfill.  If  the  soil  profile  is  mainly  sand,  a  clay  or  synthetic  seal  must 
be  placed  on  the  downgradient  side  of  the  drain  trench.  Contaminated  ground- 
water  is  recovered  from  the  drain  by  a  pump  and  riser  system.  If  the  site 
perimeter  is  extensive,  several  pumpings  will  be  required  along  the  drain.  A 
subsurface  drain  system  is  shown  in  Figure  17. 

Table  35  gives  the  costs  for  a  typical  drainage  system  consisting  of  a 
gravel-filled  trench  (3-ft  wide  x  25-ft  deep)  with  a  perforated  clay  pipe  in 
the  bottom  for  collection.  Also  included  is  the  cost  of  a  clay  trench  (also  3 
ft  x  25  ft),  which  acts  as  a  seal  downgradient  of  the  collection  trench.  The 
clay  seal  may  not  be  necessary  in  soils  with  low  permeability. 

Table  36  lists  the  advantages,  disadvantages,  and  restrictions  in  con¬ 
structing  subsurface  drainage  systems  to  control  leachate. 


Dewatering  Systems 

Extraction  wells  and  well  point  systems  actively  collect  and  remove 
leachate  at  or  below  the  level  of  the  water  table.  In  general,  extraction 
wells  are  used  for  plume  containment.  Well  point  systems  —  since  their 
effect  is  more  uniform  —  are  used  for  lowering  groundwater  levels.  Excep¬ 
tions  to  this  generalization  are  outlined  below. 

Extraction  Wells 

Extraction  wells  may  be  used  to  collect  contaminated  leachate  and  to 
depress  the  groundwater  level  near  or  under  a  landfill.  These  wells  may  be 
developed  separately  or  as  part  of  an  overall  well-point  system.  In  addition, 
when  used  for  leachate  plume  control,  extraction  wells  can  be  combined  with 
injection  wells  to  collect  leachate  while  minimizing  the  overall  impact  of 
groundwater  pumping  on  the  water  table  level. 

Groundwater  pumping  to  lower  the  water  table  may  be  suitable  under 
several  conditions: 

1.  Lowering  an  unconfined  aquifer  so  that  contaminated  groundwater  does 
not  discharge  to  a  receiving  stream  that  is  hydraulically  connected 
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2.  Lowering  the  water  table  so  that  it  i»  not  in  direct  contact  with  thr 
waste  site 

3.  Lowering  the  water  table  to  prevent  leaky  aquifers  from  contain ina ting 
other  aquifers. 

Pumping  without  subsequent  recharge  may  be  an  acceptable  approach  when 
small  quantities  of  groundwater  are  involved.  However,  when  large  groundwater 
f low 8  are  affected,  or  when  residents  depend  on  groundwater  as  a  drinking 
water  source,  recharge  will  be  necessary*  Pumping  large  volumes  without  sub¬ 
sequent  recharge  may  lead  to  changes  in  the  potentiometr ic  surface  or  direc¬ 
tion  of  flow  within  a  confined  aquifer. 

To  design  an  effective  extract  ion/injection  well  system,  the  FE  must 
understand  the  effect  of  the  injection  wells  on  the  drawdown  and  radius  of 
influence  of  the  extraction  wells.  Figure  18  shows  that  as  the  cone  of 
depression  expands  and  eventually  encounters  the  cone  of  impression  from  the 
recharge  well,  both  the  rate  of  expansion  of  the  cone  and  the  rate  of  drawdown 
are  slowed.  With  continued  pumping,  the  cone  of  depression  expands  more 
slowly  until  the  rate  of  recharge  equals  the  rate  of  extraction,  and  the  draw¬ 
down  stabilizes.  Thus,  the  injection  well  narrows  the  radius  of  influence  and 
decreases  the  drawdown  as  the  distance  from  the  extraction  well  increases. 

Because  of  the  added  pumping  costs  of  continuously  retreating  water  that 
is  recontaminated  by  the  plume,  the  extract  ion/injection  well  system  should  be 
designed  so  that  the  radii  of  influence  do  not  overlap.  Separating  the  radii 
of  the  wells  is  also  important  because  overlaps  complicate  future  adjustments 
in  pumping  rates.  These  changes  might  be  required  because  of  alterations  in 
the  plume  caused  by  the  age  of  the  landfill,  quantity  of  precipitation,  and 
physical  changes  in  the  site,  such  as  compaction  or  excavation. 

Extraction  wells  alone  can  be  used  to  contain  leachate  plumes  (Fig¬ 
ure  19).  This  system  has  both  advantages  and  disadvantages  when  compared  with 
the  extraction/inject  ion  system.  The  withdrawal  system  does  not  have  the 
added  pumping  and  maintenance  costs  of  an  injection  system,  but  also  does  not 
have  the  advantage  of  replenishing  the  groundwater  supply.  Use  of  an  extrac¬ 
tion  system  alone  would  be  suited  best  to  sites  where  low  rates  of  pumping  are 
required,  or  where  the  aquifer  water  supply  is  not  needed  as  a  drinking  water 
source. 

If  groundwater  recharge  is  necessary,  seepage  or  recharge  basins  are 
cheaper  than  injection  wells.  Since  seepage  basins  require  extensive  mainte¬ 
nance  to  ensure  that  porosity  is  not  reduced,  they  would  not  be  practical 
where  several  basins  are  needed  to  recharge  large  volumes  of  water,  or  where 
adequate  maintenance  staff  is  not  available. 

W*'l!  J’nhif,  !>  'nr 

Well  point  systems  are  composed  of  a  series  of  wells,  usually  connected 
by  header  pipes  to  a  suction  centrifugal  pump.  These  systems  may  be  used  for 
both  water  table  lowering  and  leachate  plume  containment. 

As  shown  in  Figure  20,  the  system  consists  of  a  group  of  closely  spaced 
wells,  usually  connected  by  a  header  pipe  and  pumped  by  suction  centrifugal 
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pumps,  submersible  pumps,  or  jet  ejector  pumps,  depending  on  the  depth  of 
pumping  and  the  volume  to  be  dewatered*  A  pump  may  be  connected  to  one  well 
point,  or  a  central  pump  may  be  used  for  the  entire  well  point  system,  depend¬ 
ing  on  the  depth,  volume,  and  permeability.  As  Figure  20  shows,  the  header  is 
connected  to  a  swing  fitting  that  contains  a  valve  controlling  water  with¬ 
drawal  from  each  well  point. 

Lowering  the  groundwater  level  over  the  desired  site  involves  creating  a 
composite  cone  of  depression  by  pumping  from  the  well  point  system.  The  indi¬ 
vidual  cones  of  depression  must  be  close  enough  to  overlap  and  thus  pull  the 
water  table  down  several  feet  between  pairs  of  wells. ^ 

Estimates  fov  Deuatering  terne 

Unit  costs  for  typical  items  used  in  dewatering  systems  (extraction  wells 
and  wellpoint  systems)  are  presented  in  Table  37.  Costs  vary  greatly  from 
site  to  site;  however,  typical  costs  would  be  in  the  range  of  $100,000  to 
$500,000  per  system. 

•  I  dvan  t  age  n/Di  ?>  a  do  or.  t  age  s 

Table  38  lists  advantages,  disadvantages,  and  restrictions  in  using 
extraction  wells  and  well  point  systems  in  dewatering  to  protect  groundwater. 


Leachate  Collection 


An  integral  part  of  leachate  containment  is  the  use  of  collection  and 
extraction  facilities  to  remove  leachate  from  the  landfill. 


Ideally,  collection  systems  incorporated  into  the  design  of  a  lined  land¬ 
fill  can  relieve  hydraulic  pressure  on  the  liner.  To  aid  leachate  removal, 
liner  materials  should  be  sloped  to  drain  to  one  or  more  points  (preferably  a 
grade  of  1  percent  or  greater).  Leachate  is  usually  removed  at  a  perimeter, 
internal  sump  coordinated  with  a  perimeter  base  trench  consisting  of  per¬ 
forated  drain  pipe  and  gravel  backfill.  Leachate  flows  laterally  to  the  drain 
and  then  into  a  gathering  sump  for  treatment  before  it  is  discharged  to  sur¬ 
face  streams.  Figure  21  illustrates  a  leachate  collection  drain  system. 

Costs  for  leachate  containment  (Table  39)  are  based  on  a  4-in.  pipe  laid  in  a 
3-ft  x  3-ft  trench. 


Table  40  lists  advantages,  disadvantages,  and  restrictions  in  collecting 
leachate. 


Leachate  Treatment 


Treatment  of  collected  landfill  leachate  is  mandated  by  the  CWA  of  1977, 
which  also  stipulates  that  a  permit  be  acquired  for  discharging  collected 
leachate  to  surface  water.  Various  methods  of  leachate  treatment  and 
discharge  are  available  to  the  designers  and  operators  of  landfills:  direct 
discharge  to  a  sewer,  or  liquid  waste  treatment  with  eventual  discharge  to  the 

^  E.  F.  Johnson,  Groundwater  and  Wells  (University  of  Pennsylvania,  1975). 
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environment;  recirculation  in  the  landfill  to  accelerate  biostabilization; 
spray  irrigation  or  lanci  application;  injection  of  leachate  into  the  fill;  and 
evaporation  pond6. 

On-site  treatment  typically  consists  of  treatment  ponds  with  aerators 
(Figure  22).  The  coupling  of  anaerobic  and  aerobic  treatment  is  an  effective 
and  inexpensive  way  to  reduce  the  pollution  characteristics  of  landfill 
leachate*  If  the  two  systems  are  combined  in  one  pond,  the  effective  area  of 
each  can  be  controlled  with  floating  baffles  to  separate  the  two  systems*  In 
addition,  modest  to  large  doses  of  chlorine  can  reduce  chemical  oxygen  demand 
(COD)  as  much  as  25  to  50  percent.  If  more  contaminants  must  be  removed  from 
the  leachate  before  discharge  is  permitted,  then  filtration,  or  additional 
chemical  treatment,  must  be  provided  —  depending  on  the  discharge  require¬ 
ments* 

Because  treatment  systems  are  varied  and  their  use  is  site-specific,  unit 
costs  cannot  be  determined.  However,  typical  industry  costs  for  0.1  to  0.3 
million  gallons  per  day  (mgd)  facilities  are  listed  in  Table  41. 


Leachate  Recirculation 


Recirculation  essentially  uses  the  landfill  volume  as  an  uncontrolled 
anaerobic  digester  for  effective  treatment  of  itB  own  leachate.  The  recircu¬ 
lation  of  leachate  increases  the  rate  of  biological  stabilization  of  the 
organic  fraction  of  the  refuse,  as  evidenced  by  significant  reductions  in 
biochemical  oxygen  demand  (BOD)  and  COD. 

Since  leachate  recirculation  is  a  specific  application  of  leachate  col¬ 
lection,  the  costs  are  similar  to  those  for  the  collection  system  (see 
Leachate  Collection).  Additional  costs  may  be  incurred,  however,  for  excava¬ 
tion,  leachate  recharge,  special  piping  configurations,  and  pumping  require¬ 
ments. 


Cost  estimates  for  leachate  recirculation  can  vary  greatly,  depending  on 
the  specific  nature  of  the  landfill  site  - —  particularly  the  size  of  the  area 
over  which  the  leachate  is  to  be  circulated,  and  the  amount  of  leachate. 


Leachate  Attenuation 


As  leachate  percolates  through  soil,  it  reacts  physically  and  chemically 
with  the  subsurface  soil  and  water  environment.  One  of  the  most  important  of 
these  reactions  is  cation  fixation  with  the  clay  minerals  of  the  soil  system. 
Negative  charges  concentrated  on  the  surface  of  the  clay  particles  attract 
cations  (positive  ionic  species)  from  the  leachate.  The  total  cations  that 
can  be  held  on  any  given  soil  type,  the  cation  exchange  capacity  (CEC),  can  be 
determined  by  laboratory  testing.  The  higher  the  CEC,  the  better  the  ability 
to  affix  the  cations  in  the  leachate. 


When  landfill  sites  are  designed  and  operated,  the  attenuation  properties 
of  the  soils  can  be  improved  if  the  leachate  flows  as  much  as  possible  through 
surficial  soils  beneath  the  site,  and  if  direct  channels  through  the  soil 
layer  are  eliminated.  Soils  that  do  not  have  sufficient  attenuation  capacity 
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naturally  may  be  altered  physically,  chemically,  or  biologically  to  aid 
attenuation.  For  example,  increasing  soil  pH  is  likely  to  increase  attenua¬ 
tion  of  heavy  metals. 

Attenuation  also  can  be  increased  by  reducing  the  flow  rate,  eliminating 
cracks  in  the  soil,  and  exposing  fresh  soil  particle  surfaces.  These  can  be 
done  by  disturbing  and  compacting  soil  in  preparing  the  land  for  waste  dispo¬ 
sal  , 


Leachate  attenuation  is  a  specific  application  of  leachate  collection. 
Therefore,  attenuation  costs  are  similar  to  those  for  a  collection  system 
(Table  39);  however,  additional  excavation  of  the  surface  for  the  recharge 
area  may  be  needed. 
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6  DISEASE 


The  objective  of  Section  4004's  disease  criterion  is  to  eliminate  the 
spread  of  pathogens  and  other  disease  vectors  through  landfilling  practices • 
Particular  emphasis  is  placed  on  the  handling  procedures  for  sewage  sludge  and 
septic  tank  pumpings. 

Mismanaged  sanitary  landfills  can  create  major  health  problems  by  provid¬ 
ing  food  and  shelter  for  common  disease  vectors,  including  rats  and  other 
rodents,  domestic  flies,  arthropods  other  than  flies  (such  as  mosquitoes), 
birds,  and  stray  cats  and  dogs*  Opossums,  raccoons,  skunks,  and  bears  are 
also  attracted  to  garbage  dumps,  and  because  they  can  transmit  rabies,  create 
potential  problems  for  humans  living  near  the  sites*  The  control  of  vectors 
is  governed  by  Army  Regulation  (AR)  420-76  and  AR  40-5.5 

Means  for  preventing  the  transmission  of  disease  can  include: 

1*  Treatment  of  sludge  and  septic  tank  pumpings  to  reduce  pathogens 

2.  Application  of  daily,  intermediate,  and  final  earth  cover,  or  shred¬ 
ding,  milling,  or  baling  to  minimize  access  to  food  and  shelter 

3.  Use  of  pesticides  to  control  rodent  and  insect  populations 

4.  Drainage  of  stagnant  water  at  the  site  to  eliminate  mosquito  breeding 
grounds . 

Figure  23  illustrates  the  series  of  decisions  that  must  be  made  about 
disease  control  technologies. 

Specific  cost  estimates  for  reducing  or  eliminating  the  potential  for 
disease  from  landfills  cannot  be  made  because  of  the  variety  of  possible 
situations*  Control  of  disease  is  usually  a  result  of  proper  daily  operating 
procedures  and  not  of  elaborate  construction  technologies. 


5  Pest  Management  Programs.  Army  Regulation  (AR)  420-76  (Headquarters  [HQ], 
Department  of  the  Army  [DA],  15  December  1980);  Health  and  Enyiypnpent^  AR 
40-5  (HQ,  DA,  25  September  1974). 
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7  AIR 


The  air  criterion  of  Section  4004  controls  open  burning  that  does  not 
conform  to  State  Implementation  Plans  and  the  Clean  Air  Act. 

Landfills  at  which  a  ban  against  open  burning  is  strictly  enforced  should 
easily  comply  with  this  criterion  if  there  is  no  other  source  of  on-site  air 
pollution  (e.g.,  an  incinerator)  which  could  violate  requirements  of  the 
appropriate  State  Implementation  Plan.  Careful  enforcement  of  a  policy  prohi¬ 
biting  burning  is  the  most  effective  way  to  meet  this  criterion. 

At  active  disposal  sites,  some  dust  is  usually  generated  during  excavat¬ 
ing  and  covering.  This  problem  can  be  controlled  by  watering  access  roads  and 
working  areas.  Blowing  paper  and  debris  can  be  controlled  with  portable 
litter  fences  placed  next  to  active  disposal  areas. 

Figure  24  illustrates  the  series  of  decisions  that  must  be  made  about  air 
protection  techniques. 

Cost 8  for  controlling  the  adverse  impact  of  landfills  on  air  quality  were 
not  derived.  The  wide  variation  in  types  of  sites  and  the  many  alternatives 
for  control  which  might  exist  in  various  regions  of  the  country  make  estimates 
impractical  since  they  probably  would  not  reflect  the  costs  to  be  expected  at 
specific  sites. 
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8  GASES 


The  Section  4004  safety  criterion  for  gases  is  primarily  concerned  with 
preventing  explosions  caused  by  gases  generated  at  solid  waste  disposal  sites. 

Methods  for  control  of  landfill  gas  are  classified  active  or  passive* 
depending  on  whether  gas  is  forcibly  withdrawn  from  protective  features.  Pas¬ 
sive  control  systems  are  typically  used  where  the  depth  to  a  naturally  occur¬ 
ring  gas  barrier  is  shallow  —  i.e.,  less  than  20  ft.  Natural  barriers  to  gas 
include  shallow  groundwater  or  thick  clay  layers.  When  new  disposal  areas  are 
constructed,  gas  barriers  can  be  placed  on  perimeter  and  bottom  excavation 
slopes,  much  as  described  in  Chapter  5.  When  landfills  have  been  placed  in 
deep  excavations,  or  when  natural  barriers  to  gas  are  not  shallow,  an  active 
control  system  must  be  used  to  draw  gas  away  from  landfill  perimeters.  Figure- 
25  illustrates  a  possible  decision  flow  for  selecting  the  gas  control  techno¬ 
logies  . 


Liners 


There  are  three  types  of  impervious  liners  for  containing  gas  flow:  syn¬ 
thetic  liners,  admixed  materials,  and  natural  soil.  These  are  frequently  the 
most  important  features  of  gas  control  systems. 

Synthetic  liners  are  manufactured  using  rubber  or  plastic  compounding. 
Since  the  integrity  of  impermeable  membranes  is  critical,  methods  of  sealing 
and  installing  the  membrane  are  very  important. 

Using  admixed  materials  such  as  asphaltic  concrete  for  lining  should  be 
considered.  Although  not  as  popular  for  gas  control  as  synthetic  membranes, 
asphalts  are  advantageous  because  they  are  universally  available,  are  inexpen¬ 
sive,  and  can  maintain  their  integrity  under  structures.  The  disadvantages 
are  relatively  high  permeability  (as  compared  with  synthetics),  and  the  ten¬ 
dency  to  crack  under  differential  settlement  and  weathering. 

Natural  soil,  particularly  clay,  can  be  a  highly  efficient  barrier  to  gas 
migration  —  provided  the  soil  is  kept  nearly  saturated.  Dry  soils  are  rela¬ 
tively  ineffective  since  cracks  may  develop,  opening  the  pore  space  and  allow¬ 
ing  gas  to  pass  through.  Native  clay  soils,  either  in  their  natural  6tate  or 
modified  by  compaction,  can  provide  an  effective  barrier.  Alternate  barrier 
materials,  such  as  bentonite,  may  be  used  when  on-site  soils  are  not  suitable 
for  control. 

Liner  materials  —  whether  synthetic,  admixed,  or  natural  soil  —  are 
best  installed  during  landfill  construction  because  later  work  is  often 
costly,  less  extensive  than  necessary,  and  occasionally  impossible.  Figure  26 
illustrates  the  flow  of  gases  with  liner  materials  in  place. 

Costs  for  liner  systems  have  been  discussed  in  Chapter  4* 

Table  42  lists  the  advantages,  disadvantages,  and  restrictions  in  instal¬ 
ling  liners  for  gas  control. 
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Venting  Systems 


Venting  systems  may  be  either  passive  (relying  on  natural  pressure  or 
concentration  gradients)  or  active  (inducing  exhaust  by  using  blowers  or  wind 
vents  to  create  a  vacuum  pressure  gradient)*  The  choice  depends  on  site  con¬ 
ditions  . 

Passive  systems  can  be  effective  in  controlling  convective  gas  flow,  but 
not  diffusive  flow*  Since  passive  flow  controls  sometimes  have  been  ineffec¬ 
tive,  the  user  should  question  the  value  of  a  passive  perimeter  control  sys¬ 
tem;  nevertheless,  many  have  been  constructed  and  are  working*  Gravel 
trenches,  perimeter  rubble  vent  stacks,  gravel-filled  vent  wells,  and  combina¬ 
tions  of  these  are  examples  of  perimeter  migration  control  systems.  Gases 
from  passive  venting  systems  are  usually  flared  (Figure  27). 

Tables  43  and  44  list  costs  for  two  common  passive  venting  systems: 
gravel-filled  trenches  and  vent  walls.  The  trench  system  consists  of  a  PVC- 
lined  gravel  trench  (20-ft  deep  x  6-ft  wide  at  the  bottom).  The  vent  well 
system  is  a  gravel-filled,  2-f t-diameter  well  with  a  perforated  PVC  vent  pipe. 

Table  45  lists  advantages  and  restrictions  in  using  venting  systems. 


Pumped  Wells 

Pumped  wells  are  induced  or  active  flow  systems  that  are  very  effective 
in  migration  control  —  particularly  those  with  suitably  designed  vertical 
wells . 


In  practice,  systems  combining  both  migration  control  and  gas  recovery 
seem  to  be  preferred.  These  systems  usually  incorporate  perforated  pipe  in 
grouped,  vertical,  gravel-filled  wells  similar  to  those  used  in  gas  recovery 
systems.  The  wells  are  spaced  at  regular  intervals  near  the  perimeter  of  the 
landfill,  and,  depending  on  system  requirements,  are  either  inside  the  fill's 
boundary,  or  outside  in  the  surrounding  natural  soils.  The  wells  are  con¬ 
nected  by  manifolds  to  a  central  exhaust  pump  which  draws  gas  from  the  well 
field.  The  gas  flow  within  the  landfill  is  directed  toward  each  of  the  wells, 
thereby  effectively  controlling  migration.  The  collection  pipe  also  can  be 
placed  in  a  gravel-filled  trench  and  then  connected  to  a  vacuum  exhaust  system 
to  improve  the  trench  system's  control  of  gas.  Gases  collected  by  pumped  well 
systems  are  generally  disposed  of  by  direct  stacking,  incineration,  or  passage 
through  various  absorpt ion  media  (Figure  28). 

Pumped  wells  use  the  designs  presented  in  Venting  Systems.  Table  46 
lists  additional  costs  for  pumped  systems. 

Table  47  lists  restrictions  in  using  pumped  systems. 


Monitoring 

The  perimeter  soil  of  a  site  may  be  sampled  by  probes  at  the  property 
boundary.  The  simplest  method  of  monitoring  gas  composition  in  soils  and 
refuse  is  with  a  bar-hole  probe  (Figure  29).  This  is  simply  a  rigid,  hollow 
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tube  which  is  attached  by  flexible  tubing  to  the  inlet  of  a  gas  detection  dev¬ 
ice*  The  probe  is  inseited  into  the  bar  hole,  and  the  hole  is  sealed  around 
the  probe  at  the  surface,  typically  with  rubber  stopper,  cloth,  or  native 
soil .  A  gas  sample  is  then  drawn  from  the  probe  through  the  gas  detection 
instrument,  which  indicates  the  gas  composition  in  the  bar-hole* 

A  bar-hole  may  detect  methane  and  indicate  the  presence  of  combustible 
gas.  However,  a  failure  to  detect  methane  does  not  necessarily  indicate  the 
absence  of  combustible  gas.  Usually  gas  is  sampled  immediately  after  a  probe 
is  in  place*  However,  it  may  take  days  for  migrating  gas  to  accumulate  to  a 
representative  level.  In  many  investigations,  shallow  bar-hole  probe  surveys 
have  failed  to  detect  significant  methane  concentrations,  but  subsequent  moni¬ 
toring  with  deeper  permanent  probes  has  shown  the  gas  to  be  present  at  rela¬ 
tively  high  levels.  In  addition,  the  results  of  a  bar-hole  probe  survey  can¬ 
not  be  reproduced  since  a  new  hole  must  be  made  each  time  a  survey  is  con¬ 
ducted.  Therefore,  permanent  gas  monitoring  probes  with  periodic  monitoring 
are  preferable  to  bar-hole  probe  surveys  for  checking  the  presence  or  charac¬ 
teristics  of  landfill  gas  in  soils  or  refuse. 

Various  soil  samples,  test  wells,  and  analyses  are  available  for  site 
monitoring.  The  selection  of  the  type  and  number  of  samples  depends  on  the 
specific  nature  of  the  site.  Unit  costs  are  given  in  Table  48  for  various 
activities  involved  in  monitoring. 


9  FIRE  HAZARDS 


The  Section  4004  safety  criterion  for  fires  is  intended  to  eliminate 
hazards  to  property  and  health*  This  can  be  done  most  effectively  with  a 
rigid  ban  against  open  burning,  and  a  program  to  minimize  the  risk  of  acciden¬ 
tal  underground  and  aboveground  fires. 

Since  organic  material  left  exposed  to  free  oxygen  can  ignite  by  spon¬ 
taneous  combustion,  such  wastes  must  be  covered  each  day  to  limit  the  quantity 
of  free  oxygen  available.  Soil  cover  decreases  the  likelihood  of  combustion, 
and  if  a  fire  does  develop,  it  is  isolated  to  the  cell  in  which  it  starts. 
Compaction,  which  decreases  available  air  space  in  the  fill,  is  also  recom¬ 
mended  —  particularly  to  control  underground  fires. 

Simple,  common-sense  site  operation  practices  are  effective  in  control¬ 
ling  landfill  fires.  Equipment  operators  should  always  carry  fire  extinguish¬ 
ers  to  put  out  small  blazes.  If  a  fire  is  too  large,  waste  in  the  burning 
area  should  be  spread  out  so  that  water  can  be  applied.  This  can  be  an 
extremely  hazardous  chore;  to  protect  the  operator  and  equipment,  water  should 
be  sprayed  on  the  parts  of  the  machine  that  come  in  contact  with  hot  wastes. 
Obviously,  a  hauler  arriving  at  a  landfill  with  a  burning  or  hot  load  should 
be  sent  to  a  separate  area  of  the  landfill,  away  from  the  working  face,  where 
the  fire  can  be  put  out  before  landfilling.  Moreover,  each  landfill  should 
have  a  fire-fighting  plan  with  which  all  site  personnel  are  thoroughly  fami¬ 
liar  . 


Figure  30  illustrates  the  series  of  decisions  that  must  be  made  about 
fire  control  technologies. 

No  cost  estimates  could  be  derived  for  fire  control.  Equipment  needs  and 
daily  operating  practices  are  too  varied  to  allow  analysis  of  specific  costs. 
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10  BIRD  HAZARDS 


The  Section  4004  safety  criterion  for  bird  hazards  is  intended  to  control 
problems  associated  with  bird  populations  near  solid  waste  disposal  facilities 
accepting  putrescible  wastes*  For  example,  birds  at  landfills  close  to  air¬ 
ports  may  be  a  hazard  to  aircraft* 

Of  the  several  techniques  for  controlling  birds,  the  most  effective  is 
limiting  the  availability  of  food  and  shelter  at  the  landfill*  This  can  be 
done  by  (1)  locating  landfills  in  areas  less  likely  to  attract  birds,  and  (2) 
periodically  applying  cover  material  during  landfill  operation*  Whenever  pos¬ 
sible,  landfills  should  be  far  from  the  flight  paths  of  birds  and  aircraft. 

Two  devices  also  may  be  useful:  "teleshot ,M  a  shotgun  shell  loaded  with 
a  secondary  aerial  detonation  charge,  and  wire  "cable  canopy,"  a  grid  of  thin 
wires  suspended  over  the  active  fill  area*  Unit  costs  for  a  cable  canopy  are 
given  in  Table  49. 

Figure  31  illustrates  the  series  of  decisions  that  must  be  made  about 
controlling  bird  hazards* 


11  ACCESS 


The  Section  4004  safety  criterion  for  access  is  intended  to  keep  unau¬ 
thorized  personnel  from  entering  a  landfill* 

Fencing  is  the  most  common  means  of  controlling  or  limiting  access  to  a 
disposal  site*  Permanent  or  portable  woven  and  chain  link  fencing,  or  combi¬ 
nations  of  both,  are  commonly  used.  A  gate  at  the  site's  entrance  should  be 
closed  when  the  landfill  is  not  open.  In  addition,  earth  berms,  ditches,  and 
natural  features  such  as  hills,  slopes,  water,  or  wooded  areas  may  help  limit 
access  or  serve  as  visual  screens. 

Figure  32  illustrates  the  series  of  decisions  that  must  be  made  about 
controlling  access. 

Table  50  gives  the  costs  for  a  6-ft-high  chain  link  industrial  fence  sur¬ 
rounding  a  site  200  ft  x  200  ft.  These  costs  include  30-ft  gates,  and  braces 
on  every  other  line  post  (36  total). 


12  CLOSURE 


If  upgrading  would  be  either  too  expensive  or  technically  prohibitive, 
the  open  dump  must  be  closed.  To  comply  with  the  RCRA  guidelines,  closure 
must  minimize  further  environmental  contamination  from  the  unused  landfill. 

The  methods  and  long-term  requirements  for  open  dump  closure  include  the  reme¬ 
dial  techniques  discussed  in  the  preceding  chapters: 

1.  Monitoring 

—  groundwater 

—  gas 

2.  Capping 

3.  Regrading 

4.  Revegetation 

5.  Access 

6.  Leachate  collection 

7.  Gas  control 

—  venting 

—  wells 

The  use  of  these  closure  techniques  depends  on  geologic  conditions,  solid 
waste  type,  waste  disposal  practices,  and  the  features  at  the  landfill  which 
caused  it  to  be  classified  an  open  dump.  For  instance,  if  the  landfill 
violated  the  RCRA  criteria  for  gas  migration,  then  the  proper  practice  for 
closure  should  be  a  combination  of  gas  venting  and  monitoring.  In  selecting 
landfill  closure  techniques,  the  FE  must  remember  that  the  contamination 
caused  by  the  dump  must  be  prevented  after  closure. 


Monitoring: 

If  a  landfill  is  closed  because  of  groundwater  contamination  or  gas 
migration,  the  site  must  be  monitored  to  prove  that  closure  techniques  are 
preventing  further  contamination  from  either  of  these  sources. 

.7 rc un  Jua  ter  i  t o vi n g 

Groundwater  monitoring  is  done  by  installing  groundwater  monitoring 
wells,  which  are  typically  4  in.  in  diameter  and  PVC-cased.  The  prices  and 
techniques  of  well  installation  vary  greatly  from  one  geographic  location  to 
another.  A  figure  of  $40/ft  is  used  for  a  rough  calculation  of  well  installa¬ 
tion  costs.  The  actual  constituents  hat  will  be  monitored  in  the  groundwater 
vary  according  to  State  regulations,  solid  waste  type,  and  the  National 
Interim  Drinking  Water  Standards. 

Gas  Marti taring  We l la 


Gas  monitoring  wells  are  discussed  in  Chapter  8. 


Capping 

Capping  i6  used  to  close  open  dumps  so  that  water  does  not  percolate 
through  the  site  and  contribute  to  groundwater  and  surface  water 


contamination-  Capping  also  prevents  the  contamination  of  surface  runoff  at  a 
disposal  site.  An  incidental  benefit  of  surface  capping  is  that  it  limits 
access,  and  therefore  vandalism,  at  the  landfill  site.  Surface  capping  is 
discussed  in  more  detail  in  Chapter  4. 


Regrading 

Regrading  is  generally  done  at  all  sites  that  have  to  be  closed.  Regrad¬ 
ing  secures  the  perimeter  and  top  of  the  landfill,  leaving  no  open  pits  for 
further  disposal  of  waste  material.  Proper  regrading  helps  prevent  erosion  at 
the  dump.  Regrading  is  discussed  in  Chapter  4. 


Revegetation 

Revegetation  should  also  be  done  before  closing.  In  addition  to  making 
the  open  dump  site  more  attractive,  revegetation  prevents  erosion  and  surface 
runoff.  This  technique  is  discussed  in  Chapter  4. 


Access 

Depending  on  State  regulations  and  the  future  use  of  the  closed  landfill, 
access  can  be  controlled  in  several  ways.  At  a  restricted  military  base, 
access  can  be  controlled  by  posting  and  intermittent  patrol,  or  the  site  can 
be  continuously  patrolled.  The  most  common  method  of  limiting  access  is  to 
fence  the  entire  site,  with  the  only  entrance  a  locked  gate.  Access  is  dis¬ 
cussed  in  Chapter  11. 


Leachate  Collection  and  Treatment 


If  the  landfill  is  being  closed  because  it  is  producing  contaminated 
leachate,  the  effluent  must  be  collected  or  its  generation  after  closure 
prevented. 

If  the  collected  leachate  must  be  treated,  there  are  several  options: 

1.  Activated  sludge  treatment 

2.  Amnonia  stripping 

3.  Anaerobic  lagoons 

4.  Biological  seeding 
3.  Carbon  absorption 

6.  Chlorination 

7.  Equalization 

8.  Ion  exchange 

9*  Leachate  recirculation 
10.  Leachate  attenuation. 


Leachate  collection  and  treatment  are  discussed  in  Chapter  3 


Gas  Control 


Gas  is  controlled  by  venting  or  monitoring  with  gas  wells  and  testing. 
Improper  venting  Of  gas  generated  at  a  landfill  can  be  the  most  hazardous 
effect  of  solid  waste  disposal*  Gas  control  is  discussed  in  Chapter  8. 
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13  CONCLUSION 

The  FE  may  use  several  technologies  to  upgrade  or  close  a  landfill  to 
comply  with  RCRA  Section  4004  criteria*  This  report  has  described  each  alter¬ 
native,  discussed  its  advantages,  and  given  costs  that  the  FE  can  use  to  make 
order-of-magnitude  estimates  and  to  compare  specific  alternatives  for  upgrade* 
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Table  2 


Costs  for  Levees 

Multipliers:  Volume  of  levee  =  31.9  cubic  yard/linear  yard  (cy/ly) 

Surface  area  of  forward  slope  =  13.34  square  yard/ linear  yard  (sy/ly) 
Volume  of  l- ft  sLrip  ~  (>.3  cy/ly 


Unit 

Activity 

Cost 

Multiplier 

Cost/ ly 

Excavation  of  f 

L**  1.13 

6.3  cy/ly 

ss 

7.12 

strip  under  levee 

E  0.70 

= 

4.41 

A.  Crew  (BIOL)* 

M  _ - 

= 

- 

T  $1 . 83/cy 

= 

$11 . 50/ ly 

Daily  output 

=  200  cy/day 

B.  Crew  (B33B) 

L  0.67 

6.3  cy/ly 

= 

4.22 

E  2.24 

= 

14.10 

M _ 

= 

- 

T  $  2 . 9 1  /  c  y 

= 

$18 . 40/ly 

Daily  output 

=  500  cy/day 

Borrow  excavation 

L  0.81 

31.9  cy/ly 

= 

25.80 

native  clay  fill 

E  1.45 

= 

46.30 

Crew  (B15) 

M  1.00-4.00 

= 

31.90-127.60 

T  $  3 . 30-6 . 30/ cy 

= 

$104-200/ ly 

Daily  output 

=  600  cy/day 

Grading  at  site 

L  0.41 

31.9  cy/ly 

= 

13.10 

Crew  (B10M) 

E  1.13 

= 

36.00 

M  _ r_ 

= 

- 

T  $1.54/ cy 

$49 . 10/ly 

Daily  output 

=  560  cy/day 

Compaction 

L  0.63 

31 .9  cy/ly 

= 

20.10 

Crew  (B10G) 

E  0.66 

= 

21.10 

M 

= 

- 

T  $1 . 29/cy 

— 

$41. 10/ly 

Daily  output  =  360  cy/day 


*Crew  code  descriptions  are  given  in  Appendix  B. 

**L-labor;  E-equipment;  M-materials;  T-total. 
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Table  2  (Cont'd) 


Unit 

Activity  Cost 

5.  Erosion  control  options  L  0.13 
A.  Mulching  and  seeding  E  0.03 

Crew  (Al)  M  0 . 33 


T  $0.49/sy 


Daily  output  =  N/A 


Multiplier 


13.34  sy/ly  = 


B.  Rip-rap  slope  L  4.97 

protection  1-21  deep  E  4.00 

Crew  (B12G)  M  7.70 


4.45- 

8.89  cy/ly  = 


T  $16 .70/ cy 


Daily  output  -  62  cy/day 


TOTAL  COSTS: 


Labor 


Equipment  Materials 


Levee  construction 
w/ seeding 
w/rip-rap 


$63-66/ly 
$65-68/ lv 
$87-112/ly 


$108-118/ly 
$108-118/ly 
$126-154/ ly 


$32-128/ly 

$36-132/ly 

$70-200/ly 


Table  3 

Floodwall  Costs 


Activity 

1.  Gravity  concrete  wall 
Crew  (C14) 


Unit 

Cost 

Multiplier 

L 

75.99 

3  If /ly* 

E 

22.89 

M 

92.40 

T  $191/lf 


Daily  output  -  40  lf/day 


*lf  =  linear  foot. 
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Cost/ ly 

1.73 

0.40 

4.40 

$6 . 50/ ly 


22 . 10-44 . 20 
17.80-35.60 
34.20-68.40 

$74  -  148/ ly 


Total 

$203-312/ly 
$209-318/ ly 
$283-466/ ly 


Cos t/ly 

228 

69 

277 

$574/ ly 


Table  3  (Cont'd) 


Activity 

Unit 

Cos  t 

Multiplier 

Cost/ ly 

2.  Reinforced 

L  65.37 

3  lf/Jy 

= 

196 

concrete  cantilever 

K  19.70 

59 

Crew  (C14) 

M  63.80 

L91 

T  $149/lf 

= 

$447/ ly 

Daily  output  = 

43  If /day 

TOTAL  COSTS: 

Labor 

Equipment  Materials 

Total 

Floodwall  construction 

$196-228/ly 

$59-69/ly  $191- 

-277/ly  $44 7-5 74/ ]v 

Tabic  4 


Costs  for  Control  of  backwater  Flow 


Activity 

Barge  mounted  clamshell 
excavation  into  scows,  dumped 

Barge  mounted  clamshell  or  dragline, 
hopper  dumped,  pumped  1000* 

Hydraulic  dredge  pumped  1000 1 

Dragline 

Shovel 

Dredging  mobilization  and 
demobilization  costs 


Unit 

Cost 

$5 . 50-8.00/ cy 

$4.50*6 . 50/ cy 

$3 .00*5 .00/cy 
$1 . 39-2 . 00/ cy 
$1 . 10-2 . 34/cy 
$5000*25,000  im. 
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Table  5 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Diversion  Systems  in  Floodplains 


hind  ion 


Ativan  taj»es 


D l  i  s  a  dv  an  t  ages 


Restrictions 


Barrier  preventing 
flow  of  flood- 
waters  onto 
landfill . 


Standard  construction 
techniques  &  equip¬ 
ment  used. 

Required  earthfill  may 
be  available  on  site. 


Periodic  inspections 
and  maintenance  to 
ensure  structural 
integrity  and  prevent 
upslope  deposition  of 
sediments.  Improperly 
installed  they  may 
cause  soil  instability 
and  leachate  genera¬ 
tion.  Must  be  re¬ 
built,  regraded  and/or 
revegetated  in  the 
event  of  flooding. 


Most  effective 
when  combined 
with  grading 
and  revegeta¬ 
tion.  Requires 
suitable 
capping  and 
cover 

materials . 


Table  6 

Costs  of  Washout  Prevention 


Activity 

Gabion  placement,  6"  deep 
galvanized  steel  mesh  boxes, 
stone  filled 
Crew  (B13) 


Daily  output  =  190  sy/day 


Cost/sy 

L  5 . 04 

E  1.87 

M  8.47 

T  $15 . 40/sy 
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Table  7 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Washout  Prevention  Techniques 
in  Floodplains 


Functions  Advantages  Disadvantages 


Restrl c t ions 


Prevents  surface  Low  mainte-  Does  not  prevent 

materials  from  nance*  floodwater 

washing  out  intrusion, 

during  flood 
events. 


May  be  used  with 
infiltration 
barriers . 


Table  8 

Costs  for  Ditches 


Uni  t 

Cost  Multiplier 

L  1.45-1.93  1.78  cy/ly 

E  0.85-0.89 
M  - 

T  $2 . 30-2 . 82/cy 

Daily  output  =  150-200  cy/day 

2.  Grading  at  site  L  0.41-1.42  1.78  cy/ly 

(smooth  ditch,  E  1.13-0.87 

grade  support  ridge)  M _ - 

Crew  (BIOL) 

or  (B10M)  T  §1 . 54-2 . 29/cy 

Daily  output  «  Lb0-5b0  cy/day 

3.  Compaction  L  0.41  1.78  cy/ly 

Crew  (B10C)  E  0.89 

M 

T  $1 . 30/cy 

Daily  output  =  550  cy/day 


Cost / ly 

2.58-3.44 

1.51-1.58 

§4  .09-5 .02/ ly 

0  73-2.53 
2.01-1.55 

$2 , 74-4 .08/ ly 

0.73 

1.58 

$2. 31/ly 
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Table  8  (Cont'd) 


4. 


Unit 

Aejt  i_vi  ty 

Cost 

Multi  pile r 

Cost/ ly 

Erosion  control 

L 

0.13 

4. 11  sy/ly 

= 

0.56 

options 

E 

0.03 

= 

0.13 

A.  Mulching  and 

M 

0.33 

= 

_1_.42 

seeding 

Crew  (Al) 

T 

$0 . 49/sy 

= 

$2 .11/ ly 

Daily  output  =  N/A* 

B.  Stone  rip-rap 

L 

4.97 

0.056- 

= 

0.28-0.55 

(stabilization) 

E 

4.00 

0.111  cy/ly 

= 

0.22-0.44 

center  0.5-1*  deep. 

M 

7.70 

- 

0.43-0.85 

lf  wide 

Crew  (B12G) 

T 

$16 .67/cy 

= 

$0 .93-1 . 84/ ly 

Daily  output  =  62  cy/day 


TOTAL  COSTS: 


Labor 


Equipment  Hate rials 


Total 


Ditch  construction  $4. 40-7 . 10/ly 
w/seeding  $5  .00-7 . 70/ly 

w/seeding  and  $5 . 30-8 . 20/ ly 

rip-rap 


$4 , 20-4 . 80/ ly 
$4 . 40-4 .90/ ly 
$4.60-5 . 30/ ly 


$1.40/ ly 
$0 . 40-0 . 90/ ly 


$  9.10-11.40/ ly 
$11. 20-13. 50/ly 
$12.20-15. 30/ ly 


*Not  applicable. 


Table  9 

Advantages,  Disadvantages,  and  Restrictions  in 
Using  Ditches  In  Protecting  Surface  Water 


Function 


Advantages 


Disadvantages 


Restrictions 


Upslope  perimeter, 
channel  runoff 
around  critical 
areas;  downslope 
6  on-site,  control 
transports  of  con¬ 
taminated  runoff. 


Standard  construction 
techniques,  equip¬ 
ment  used. 

Required  fill 
material  readily 
available . 


Periodic  inspec¬ 
tions  and  mainte¬ 
nance  required. 


For  channel 
slopes,  57 
stabilization 
with  grasses, 
mulches,  sod, 
or  stone  r ip- 
rap  necessary 


49 


Table  10 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Diversions  for  Runoff  Control 


Function 


Res  trie  tions 


Provide  more 
permanent 
erosion  control 
on  long  slopes 
subject  to 
heavy  flow. 


Standard  construction 
techniques,  equip¬ 
ment  used. 

Required  fill 
material  readily 
available . 


Periodic  inspections 
and  maintenance 
required . 


Re  comme  nd  e  d  f  o 
use  on  slopes 
of  15%  or  less 


Table  11 

Permissible  Design  Velocities  for  Stabilized  Diversions 
(From  Eros ion  and  Sedimen t  Contr o 1 :  Surface  Mining  in 
the  Eastern  United  States,  EPA  Technology  Transfer 
[U.S.  Environmental  Protection  Agency  (EPA),  1976] 


Channel 

Maximum  Design 

Cover 

Grade  (%) 

Velocity  (ft/sec) 

•  U'V.i  Lf  i 

•  Bermuda  grass 

0-5 

6 

5-10 

5 

10 

4 

•  Reed  canary  grass,  tall  fescue. 

0-5 

5 

Kentucky  bluegrass 

5-10 

4 

10 

3 

•  Grass-legume  mix 

0-5 

2.5 

5-10 

3 

•  Red  fescue,  Redtop,  Sericea  lespedeza 

0-5 

2.5 

•  Annuals,  small  grain  (rye,  oats, 
barley).  Ryegrass 

0-5 

2.5 

chan  leal  and  Vege  tative 

Stone  center 

All 

As  determined  from 
vegetative  cover 
above . 
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Table  12 


Costs  tor  Benches/Terraces 


Unit 

Activity 

Cost 

Multiplier 

1. 

Borrow  excavation 

L 

0.81 

0.75 

cy/  ly 

• 

Common  borrow 

E 

1.45 

m 

Crew  (B15) 

M 

1.10 

■ 

T 

$3.36/cy 

- 

Daily  output  *  600 

cy/day 

Compaction:  1-ton 

L 

1.81 

0.75 

cy/  ly 

m 

handroller  compaction 

E 

0.47 

= 

Crew  (B10A) 

M 

- 

a 

T 

$2 . 28/cv 

- 

Daily  output  *  125 

cy/day 

3. 

Erosion  control 

L 

0.13 

2.24 

sy/ly 

m 

options 

E 

0.03 

=■ 

A.  Mulching  and 

M 

0.33 

m 

seeding 

Crew  (Al) 

T 

$0 . 49/sy 

3 

Daily  output  3  N/A 

B.  Bituminous  concrete 

L 

1.80 

2.24 

sy/ly 

a 

Barn  mix,  3"  layer 

E 

0.13 

* 

Crew  (B37 ) 

M* 

- 

m 

T 


Daily  output  *  450  sv/day 


C.  Rip-rap  control* 
3/ 8—1/4  cy 
pieces,  grouted 
Crew  (B13) 


L 

E 

M 


11.98 
4.44 
b .  05 


2.24  sy/ly 


T  $22 . 47/sy 


Daily  output  *  80  sy/'day 
TOTAL  COSTS: 


Bench  construction 
w/seeding 
w/bituminous 
v/  rip-rap 


Labor 

$  2 .00/ ly 
$  2 . 30/ ly 
S  6 . 00/ ly 
$28 . 30/ ly 


Equipment 

$  1.40/ly 
$  1.50/ly 
$  L . 70/ly 
$11 ,40/ly 


Materials 

$  0 . 30/ ly 
$  1 . 60/ ly 
$  7.60/ly 
$  1 4  .  -*  0  /  1  v 


Cost/ly 

0.61 

1.09 

0.83 

$2 . 52/ly 


1.36 

0.35 


$1 . 71/ ly 


0.29 

0.07 

0.74 

$1 . 10/ly 


4.03 

0.29 

6.80 

$11. 10/ly 


26.34 

9.95 

13.55 

$50 . 30/ ly 


Total 

$  4.20/1 
$  5.30/1 
>15 .30.  1 
354,50/  1 


*Basea  on  145  Lb/cf  and  $13.70/ton  for  bituminous  concrete. 


Table  13 


Advantages,  Disadvantages,  and  Restrictions  in 
Constructing  Benches/Terraces 


Function 


Advantages 


Disadvantages 


Restrictions 


Reduce  slope 
to  decrease 
rate  of  flow 
of  runoff  to 
nonerosive 
rates . 


Easily  incorporated 
into  final  grading 
schemes . 

Standard  equipment 
and  materials. 


If  improperly  de¬ 
signed,  excessive 
maintenance  costs 
Periodic  inspec¬ 
tions  required 
especially  after 
rain . 


Width  and  spacing 
depend  on  slope 
steepness,  soil 
type,  and  slope 
length.  Work  most 
effectively  in 
areas  of  high  pre¬ 
cipitation.  Must 
be  used  with 
vegetation . 


Table  14 

Costs  for  Paved  Chutes 


Multipliers:  Volume  of  chute  =  1.28  cy/ly 

Surface  area  of  chute  =  4.53  sy/ly 
Volume  of  rip-rap  bed  =  8  cy  minimum 


Activity 

L.  Excavation  of  chute 
Crew  (BIOL) 
or  (B10M) 


Unit 

Cost  Multiplier 

L  0.28-1.13  1.28  cy/ly 

E  0.78-0.70 
M  - 

T  $1.06-1.83/ cy 


Daily  output  =  200-800  cy/day 

2.  Compaction  of  chute  L  0.41  1.28  cy/ly 

Crew  (B10C)  E  0.89 

M  - 

T  $1. 30/cy 

Daily  output  =  550  cy/day 


Cost/ly 

0.36-1.45 

1 .00-0.86 

$1 . 36-2 . 30/ ly 


0.52 

1.14 

$1.66/ly 
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Table  14  (Coat'd) 


Activity 

3.  Paving 

A.  Bituminous  concrete, 
3"  layer-berm  mix 

Crew  (B25) 

or  (B37)* 

Daily  output  =  450 

B.  Concrete  paving, 

4M  thick,  redimix 
4500  psi 

Crew  (B26) 

Daily  output  =  N/A 

4.  Rip-rap  stabiliza¬ 
tion  bed,  minimum  size 

A.  Excavation 
Crew  (BIOL) 

Daily  output  =  200 

B.  Borrow  excavation 
-  filterstone 

Crew  (B15) 


Daily  output  =  600 
TOTAL  COSTS: 


Unit 

Cost  Multiplier 

L  $0 . 82-1 . 80/ sy  4.53  sy/ly 

E  0.33-0.13 

M** 

T 

sy /day 

L  0.52/sy  4.53  sy/ly 

E  0.37/sy 
M  46/cy 

T 


L  1.13  8  cy  (min) 

E  0.70 
M  _ 

T  $1 . 83/ cy 
cy/day 

L  0.81  8  cy  (min) 

E  1.45 
M  J.70 

T  $9.96/cy 

cy/day 


3.71-8.15 

1.49-0.59 

13.80 


$19. 00-22. 50/ly 


2.35 

1.68 

23.00 

$27 . 00/ ly 


9.04 

5.60 


$14.60  ea  (rain) 


6.48 

11.60 

6J_.60 

$79.70  ea  (min) 


Labor 


Equipment  Materials 


To  ta  1 


Chute  construction 
w/lining 
Rip- rap  bed 


$0 . 90-2 .00/ly 
$3 . 20-10 . 10/ ly 
$1 . 90/ cy 


$2.00-2.10/ly 
$2.60-3. 30/ly 
$2 . 15/ cy 


$13. 80-23. 00/ly 
$7 . 70/cy 


$3. 00-4. 00/ly 
$22- 31/  ly 
$11 . 80/cy 


*It  may  not  be  possible  or  practical  to  use  a  paving  machine  and  roller  for 
many  situations. 

**Costs  based  on  145  Jb/cf  and  $18. 70/ton  for  bituminous. 
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Table  15 


Costs  for  Downpipes 


Multipliers:  Volume 

of  excavation  =  0 

.25-1.00  cy/ly 

Volume 

of  rip-rap  apron 

=  6  cy  minimum 

Unit 

Activity 

Cost 

Multiplier 

Cost/ly 

1.  Excavation 

L  1.13 

0.25-1.00  cy/ly  = 

0.28-1.13 

Crew  (BIOL) 

E  0.70 

= 

0.18-0.70 

M 

= 

- 

T  $1 . 83/cy 

= 

$0.46-1.83/ly 

Daily  output  = 

200  cy/day 

2.  Compaction-vibratory 

L  1.67 

0.25-1.00  cy/ly  = 

0.42-1.67 

plate 

E  0.44 

= 

0.11-0.44 

Crew  (Al) 

M 

- 

T  $2 . 11/cy 

= 

$0 . 53-2 . 11/ ly 

Daily  output  = 

75  cy/day 

3.  Piping-corrugated 

L  7.37 

3  lf/ly 

= 

22.10 

galvanized  metal, 

£  2.73 

= 

8.20 

36"  diam. ,  12  ga . 

M  17.60 

= 

52.80 

Crew  (B13) 

T$27 . 70/lf 

= 

$83/ ly 

Daily  output  = 

130  If /day 

4.  Rip-rap  apron 

L  1.13 

6  cy  (min) 

= 

6.78 

A.  Excavation 

E  0.70 

= 

4.20 

Crew  (BIOL) 

M 

= 

- 

T  $1. 83/cy 

$11.00  ea  (min) 

Daily  output  = 

200  cy/day 

B.  Borrow  excavation 

i  L  0.81 

6  cy  (min) 

= 

4.86 

filter  stone 

E  1.45 

= 

8.70 

Crew  (B15) 

M  7.70 

= 

46.20 

T  $9.96/cy 

= 

$59.80  ea  (min) 

Daily  output  « 

600  cy/day 

TOTAL  COSTS: 

Labor 

Equipment 

Materials  Total 

Downpipe  construction 

$22. 80-24. 90/ly 

$8.50-9. 30/ly 

$52 . 80/ ly  $84-87/ Ly 

Rip-rap  bed 

$  1.90/cy 

$2.20/cy 

$7 . 70/cy  $11 .80/cy 
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Table  16 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Chutes  and  Downdrains  to  Control 
Surface  Runoff 


Function 


Advantages 


Disadvantages  Restrictions 


Temporarily  con¬ 
structed  to 
carry  concen¬ 
trated  flows  of 
surface  runoff 
from  one  level 
to  a  lower  level 
without  erosive 
damage. 


Inexpensive  and 
quick  construction 
methods;  suitable 
for  emergency 
measure . 

Standard  materials 
and  equipment. 
Effective  for 
long,  steep  slopes. 
Can  be  key  in  com¬ 
bined  surface  con¬ 
trol  systems. 


Periodic  inspections 
necessary . 

Additional  costs 
for  removal. 

May  overflow  and 
cause  severe  erosion 
if  improperly 
designed . 


Suitable  in 
small  areas 
(N5  acres )  . 


Table  17 

Costs  for  Gravel-F i  I  Led  Trenches 


Multipliers:  Volume  of  gravel  fill  =  2.67  cy/ly 
Volume  of  topsoil  fill  =  0.67  cy/ly 
Surface  area  of  gravel  =  7.33  sy/ly 


Activity 


Unit 

Cost  Multiplier  Cost/ ly 


1.  Trench  excavation  L  0.77 

Crew  (B12A)  E  0.83 

M 


3.33  cy/ly  *  2.56 

2.76 


T  $1.60/ cy 

Daily  output  =  400  cy/day 


$5 . 30/ ly 
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Tabic  17  (Coat'd) 


Unit 

Activity 

Cost 

Multiplier 

Cos t/ly 

2. 

Fabric  installa¬ 

L** 

*  0.50 

7.33  sy/ly 

3.67 

tion* 

E 

- 

s 

- 

M** 

;  1.00 

= 

7.33 

T 

$1 . 50/ sy 

= 

$11 .00/ ly 

Daily  output 

=  N/A 

3. 

Borrow  excavation, 

►  L 

0.81 

2.67  cy / ly  = 

2.16 

3/4”  crushed 

E 

1.45 

3.87 

stone  fill 

M 

6.05 

= 

16.15 

Crew  (B15) 

T 

$8. 31/cy 

= 

$22. 20/ly 

Daily  output 

=  600  cy/day 

4 . 

Dozer  backfilling 

L 

0.27 

0.67  cy/ly  = 

0.18 

Crew  (B10B) 

E 

0.52 

= 

0.35 

M 

- 

= 

- 

T 

$0. 79/cy 

$0 . 53/ly 

Daily  output 

=  825  cy/day 

5. 

Grading  of 

L 

0.41 

2.67  cy/ly  = 

1.09 

excavated  earth 

E 

1.13 

= 

3.02 

Crew  (B10M) 

M 

- 

= 

- 

T 

$1. 54/cy 

= 

$4 . 10/ ly 

Daily  output 

=  560  cy/day 

TOTAL  COST: 

Labor 

Equipment 

Materials 

Total 

Trench  construction 

$9. 70/ly 

$10.00/ ly 

$27 . 20/ly 

$4  7/ly 

*Manual  for  Remedial  Actions  at  Solid  Waste  Disposal  Sites  (JRB  Associates, 

1980. 

**Assumed  labor  and  material  cost  distribution. 
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Table  18 


Costs  for  PVC  Piping/Trench  Systems 


Multipliers:  Volume  of  gravel  fill  =  0.83  cy/ly 

Volume  of  topsoil  fill  =  0.17  cy/ly 


Unit 

Activity  Cost 

1.  Trench  excavation  L  1.21 

Crew  (B12Q)  E  0.90 

M 


T  $2 . 1 1/cy 

Daily  output  =  250  cy/day 

2.  Borrow  excavation,  L  0.81 

3/4 11  crushed  E  1.45 

stone  fill  M  6 . 05 

Crew  (B15) 

T  $8 . 31/ cy 

Daily  output  =  600  cy/day 

3.  PVC  Pipe  installa-  L  2.53 

tion,  4"  perforated,  E 

class  160  M  1 . 54 

Crew  (B20) 

T  $4 . 07/lf 

Daily  output  =  200  lf/day 

4.  Grading  of  L  0.41 

excavated  earth  E  1.13 

Crew  (B10M)  M  - 

T  $1. 54/cy 

Daily  output  =  560  cy/day 

TOTAL  COST: 


Multiplier 
1.00  cy/ly 


0.83  cy/ly 


3  lf/ly 


1.00  cy/ly 


Cos t/ ly 

1.21 

0.90 


$2 . 10/ly 


0.67 

1.20 

5.02 

$6 . 89/ly 


7.59 

4.62 


$12 , 20/ ly 


0.41 

1.13 


$1 . 54/ ly 


Construction 


Labor 


$9 .90/ly 


Equipment 
$3. 20/ly 


Materials 


$9 . 60/ly 


Total 


$22 . 70/ ly 
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Table  19 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Drainage  Systems  for  Controlling 
Runoff  and  Leachate  Seepage 


Function 


Advantages 


Disadvantages 


Restrictions 


Collect  contami¬ 
nated  runoff  & 
groundwater  for 
disposal  and/or 
to  control  leach- 


Cost-ef fective  means 
of  intercepting 
runoff . 

Reliable  performance 
with  maintenance. 


Susceptible  to 
clogging.  Not 
effective  in 
poorly 

permeable  soils. 


Low  soil  perme¬ 
ability  will 
inhibit 
drainage. 


Table  20 

Costs  for  Sedimentation  Ponds  and  Basins 
Multipliers:  1613.3  cy/acre-ft  (a-ft) 


Unit 


Activity 

Cos  t 

Multiplier 

Cost/ ly 

Bulk  excavation 

L 

0.19 

1613.3  cy/a-ft 

s= 

307 

A.  Crew  (B10M) 

E 

0.53 

= 

855 

M 

- 

= 

- 

T 

$  . 72/cy 

= 

$1160/a-f  t 

Daily  output  = 

1200  cy/day 

B.  Crew  (B12G) 

L 

1.93 

1613.3  cy/a-ft 

SB 

3110 

E 

1.55 

= 

2500 

M 

- 

= 

- 

T 

$3.48/cy 

= 

$5610/a-f  t 

Daily  output  = 

1600  c 

y  /  day 

Grading 

L 

0.41 

1613. 3  cy/a-ft 

s 

66u 

Crew  (B10M) 

E 

1.13 

= 

1820 

M 

- 

= 

— —  . 

T 

$1 . 54/c  y 

- 

$24 80 /a- f  t 

Daily  output  =  5600  cy/day 


Table  20  (Cont'd) 


Unit 

Ac t  i_vi ty  Cost 

3.  Compaction  L  0.63 

Crew  (B10G)  E  0.66 

M  _ 

T  $1.29/ cy 

Daily  output  =  360  cy/day 

4.  Additional  costs 

A.  Paved  spillway 
construction, 
installed 
$20-30/sy* 

B.  Rip-rap  impact  L  4.97 

control  E  4.00 

Crew  (B12G)  M  7.70 

T  $16 . 70/cy 

Daily  output  =  600  cy/day 

C.  Mulching  and  L  0.13 

seeding  E  0.03 

Crew  (Al)  M  0.33 

T  $0.49/sy 

Daily  output  =  N/A 
TOTAL  COSTS: 

Labor  Equipment  Materials  Total 

Pond  construction  $1990-4790/a-f t  $374Q-5380/a-f t  -  $3720-10 , 200/a-f t 

Additional  costs 

Spillway  $20-30/sy 

Rip-rap  $4.97/cy  $4.0Q/cy  $7. 70/cy  $16. 70/cy 

Seeding  $0.13/sy  $0.03/sy  $0.33/sy  $  0.49/sy 


*Manual  for  Remedial  Actions  at  Waste  Disposal  Sites  (JR*.  Associates,  1980). 


Multiplier  Cost/ly 

1613.3  cy/a-ft  -  1020 

=*  1060 

=  $2080/ a-f t 


Table  21 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Sedimentation  Ponds 


Function 

Collect  contami¬ 
nated  sediments 
and  keep  them 
from  surface 
runoff . 


Advantages 

Easy  to  design 
and  install. 
Requires  low 
operational  & 
maintenance 
effort.  Very 
effective  re¬ 
moval  of  sus¬ 
pended  solids. 


Disadvantages 

Cannot  be  used  to 
remove  other  con¬ 
taminants,  such  as 
inorganic  &  organic 
chemicals.  Faulty 
design  of  embank¬ 
ment  may  cause 
damage . 


Restrictions 

For  large  drain¬ 
age  areas ,  large 
land  require¬ 
ments  . 


Table  22 

Costs  for  Regrading  and  Revegetation 


Activity 

1.  Grading 

Crew  (B10M) 
or  (BIOL) 


Daily  output  = 

2.  Compaction 

Crew  (B1QG) 


Daily  output  - 

3.  Borrow  excavation, 
common  fill 
Crew  (B15) 


Daily  output  = 

4.  Mulching  and 
seeding 


Unit  Cost 

L  =  0.41-1.42 

E  =  1.13-0.87 

M  -  - 

T  =  $1.34-2. 29/cy 

160-36 J  cy/day 

L  =  0.63 

E  -  0.66 

M  = 

T  =  $1. 29/cy 

360  cy/day 

L  =  0.81 

E  =  1.43 

M  =  1.10 


T  =  $3 . 36/cy 

600  cy/day 

L  =  0.13 

E  =  0.03 

M  =  0.33 

T  =  $0 . 49/sy 


Daily  output  =  N/A 
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Advantages »  Disadvantages,  and  Rest  r  it:  l  loan  In 
Grading  and  Planting  to  Enhance 


Sur fac 


Fu  notion  Advantages 

Enhances  runoff  May  be  economical 

while  minimizing  if  materials 

erosion;  readily  available, 

stabilizes 
surface . 


Runoff 


Disadvantages  Restrictions 

Regular  maintenance  May  require 

required.  Materials  irrigation 

may  not  be  readily  in  arid 

available  (high  haul-  climates, 
ing  costs  may  result) . 


Table  24 

Approximate  Seasonal  Consumption  of  Water* 


Growth 

Inches 

Growth 

Inches 

Coniferous  Trees 

4-9 

Alfalfa  and  Clover 

2.5  up 

Deciduous  Trees 

7-10 

Oats 

28-40 

Rye 

18  up 

Meadow  Grass 

22-60 

Wheat 

20-22 

Lucern  Grass 

26-65 

*G.  L.  Gerdes  and  B.  A.  Donahue,  Simplified  Sanitary  Landfill  Design  and 
Operation  Analysis,  Technical  Report  N-57/ADA064356  (CERL,  1978),  p.  36, 
as  taken  from  J.  Reindl,  ’’Landfill  Course,”  Solid  Wastes  Management,  Vol . 
20,  No.  7  (1977),  p  31. 


Table  25 


Costs  of  Surface  Capping 


Multiplies:  Volume  of  4f  thick  fill  =  1.33  cy/sy 


Unit 

Activity 

Cos  t 

Multiplier 

Cost/ sy 

Borrow  excavation, 

L  0.81 

1.33  cy/sy 

= 

1.08 

4*  of  common  fill 

E  1.45 

- 

]  .93 

or  clay 

M  1.00-4.00 

= 

1.33-5.32 

Crew  (B15) 

T  $3. 30-6. 30/ cy 

= 

$4 . 34-8. 33/sy 

Daily  output  = 

600  cy/day 

Compaction 

L  0.63 

1.33  cy/sy 

* 

0.84 

Crew  (B10G) 

E  0.66 

= 

0.88 

M 

— 

T  $1 . 29/cy 

= 

$1.72/sy 

Daily  output  = 

360  cy/day 

Capping  materials 

A.  PVC  membrane > 

L**  0.30-0.50 

20  mil* 

E 

M**  1.00-1.50 

T  $1.30-2. 00/sy 

Daily  output  « 

N/A 

B.  Bentonite  cement 

,  L  0.41 

0.11-0.17 

0.50-0.07 

4-6"  thick 

E  0.89 

cy/sy 

= 

0.10-0.15 

Crew  (B10C) 

M***  179-211 

= 

19.70-35.90 

T  $180-212/dy 

$19. 80- 36. 00/sy 

Daily  output  =  550  cy/day 

C.  Bituminous  concrete  L  1,80 
berm  mix,  3"  thick  E  0.13 

Crew  (B37)  M  1.35-2,10 

T  $3 . 30-4 .00/sy 

Daily  output  =  450  sy /day 

‘  *~M^u^l_f^_Ren^diaI ^Actions  at  Waste  Disposal  Sites  (JRB  Associates,  1980). 
**Assumed  labor  and  material  cost  distribution. 

***Based  on  156  lb/cf  and  $85-100/ton  for  bentonite. 
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lable  25  (Cont'd) 


Activity 


4.  Mulching  and 
seeding 

Crew  (Al) 


Unit 

Cost 

L  0.13 
E  0.03 
M  0.33 


T  $0.49/ sy 


Multiplier 


Daily  output  =  N/A 
TOTAL  COSTS: 


Cost/s y 


Labor 


Equipment 


Materials 


Total 


Clay 

PVC 

Bentonite 

Bituminous 

concrete 


$2 . 10/sy 
$2 . 40-2 . 60/sy 
$2. 10/sy 
$3 .90/sy 


$2.80/sy 
$2. 90/sy 
$2 .90-3 .00/sy 
$3.00/sy 


$  1 . 70-5 . 70/sy 
$  2 . 70-3 . 20/sy 
$21. 40-37. 60/sy 
$  3.00-3. 80/sy 


$  6 . 60-1 0 . 50/sy 
$  7.90-  8. 60/sy 
$26. 40-42. 60/sy 
$  9. 90-10. 60/sy 


Table  26 

Advantages,  Disadvantages,  and  Restrictions  in 
Using  Synthetic  and  Clay  Capping  Materials 


Material 


Advantages 


Disadvantages 


Restrictions 


Clay  or  high  Economically  prefer- 

clay  content  able  in  areas  where 

soil  clay  is  available. 


Fine-grained  clays 
may  dry  and  crack 
during  dry  seasons. 
Maintenance  re¬ 
quired  to  keep  clay 
moist  and  to  prevent 
plants  with  deep 
systems  from  pene¬ 
trating  cap. 


Must  be  com¬ 
bined  with 
grading  and 
planting  to 
be  effective 


Synthetic 

materials 


When  clay  is  not 
available  (or 
transportation  costs 
are  excessive),  may 
be  economically 
preferable. 


Routine  maintenance 
necessary  as  des¬ 
cribed  above. 

Easily  punctureu. 
Relatively  ex¬ 
pensive  . 


Grading  and 

planting 

must 

accompany . 
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Table  27 


Costs  for  Liners 


Multipliers: 


Volume  ol'  earth  excavated  -  0.67  cy/sy 

=  3226 .6  cy/acre 


Activity 


1,  Bulk  excavation 
A.  Crew  (B10M) 


L  0.19 
E  0.53 

M  _  _ 

T  $0. 72/cy 


Daily  output  =  1200  cy/day 


B.  Crew  (B12G) 


L  1.93 
E  1.55 
M  _  - _ 

T  $3.48/ cy 


Daily  output  -  160  cy/day 


2.  Grading 

Crew  (B10M) 


L  0.41 
E  1.13 
M 

T  $1 .54/cy 


Daily  output  =  560  cy/day 


Protective  layer 
fill,  select  fill 
Crew  (B15) 


L  0.81 
E  1 .45 
M  5.00 

T  $7 . 26/cy 


Multiplier 
3226.6  cy/a 


3226.6  cy/a 


3226.6  cy/a 


Cost/Acre 


$2320/ a 


3226.6  cy/a 


$11, 200/a 


$4970/a 


=  2610 

=  4680 

=  16,130 

=  $23, 420/a 


Daily  output  *  600  cy/day 


Clay  liner, 
native  clay  fill 
Crew  (B15) 


1,  0.81 
E  1.45 
M  1 .00-4.00 

T  $3.30-6 . 30/ cy 


3226.6  cy/a 


=  2610 

=  4680 

=  3230-12,900 

=  $10,500-20,200/. 


Daily  output  *  600  cy/day 


Table  27  (Cont'd) 


Unit 

Activity 

Cost 

Multiplier 

Cost/Acre 

5.  Compaction  L 

0.63 

3226.6  cy/a 

= 

2030 

Crew  (B10G)  E 

0.66 

2130 

M 

- 

— 

— 

T  $1 . 29/cy 

Daily  output  =  360  cy/day 

— 

$4160/a 

6.  Liner  material  unit  costs 
(Multiplier:  4840  sy/a) 

-  includes  installation,  no 

breakdown  available* 

Bentonite,  2"  layer 
spread  &  compacted 

$1.40 

= 

6780 

PVC,  20  mil,  installed 

$1.30-2.00 

6300-9690 

Chlorinated  polyethylene 
membrane  20-30  mil, 
installed 

$2.40-3.20 

11,600-15,500 

Elasticized  polyolefin 
membrane,  installed 

$2.70-3.60 

— 

13,100-17,400 

Hypalon  membrane, 

30  mil,  installed 

Neoprene  membrane. 

$6.50 

31,500 

installed 

$5.00 

— 

24,200 

Ethylene  propylene 
rubber  membrane, 
installed 

$2.70-3.50 

13,100-17,000 

Butyl  rubber  membrane, 
installed 

$2.70-3.80 

= 

13,100-18,400 

Cost  range  - 

TOTAL  COSTS: 

$1.30-6.50/sy 

$  6,300-31,500/ 

Labor 

Equipment 

Materials 

Total 

Clay  liner  $6000-12, 000/a 
(estimates 
from  appro¬ 
priate 

activity  above) 

Synthetic  Liner  ** 

Excavation  $6000-12 ,000/a 
Liners  N/A 


$12, 000-15, 000/a 


** 

$12, 000-15, 000/a 
N/A 


$3000-13, 000/a 


** 

$16, 000/a 
N/A 


$21 ,000-40, 000/a 


$34,000-43,000/.i 
?  6,000-31  ,000 /a 
$40,000-74,000/'.! 


*Manual  for  Remedial  Actions  at  Waste  Disposal  S ites  ( J  RB  Assoc  la  Los ,  1980). 
**Breakdown  unavailable. 


Table  28 


Material 

Clay 

Synthetic 

materials 


Func tion 

Control  leach 
ate  seeps. 


Advantages*  Disadvantages ,  and  Restrictions  in 
Using  Synthetic  and  Natural  Liner  Materials 


Advantages 


D i sad vantages 


Restrictions 


It  available  on-site 
or  nearby, 
economically  more 
attract i ve . 


May  crack  under 
d i f foront i a ! 
settling  and 
weathering . 


Can  only  be  in¬ 
stalled  before 
land! ill ing. 
Performance  must 
be  monitored. 


May  be  necessary  in 
areas  where  clay  is 
unavailable . 


Relatively  expen¬ 
sive.  May  inter¬ 
act  adversely  with 
leachate,  causing 
failure . 


Can  only  be  in¬ 
stalled  before 
landfilling . 
Performance  must 
be  monitored. 


Table  29 

Advantages,  Disadvantages,  and  Restrictions  in 
Using  Leachate  Control  Systems 


Advantages 


Disadvantages  Restrictions 


Operation  costs 
low. 


Continuous  and  ] 
cise  monitoring 
required . 


re-  Not  suited 
to  poorly 
permeable 
soils. 
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Table  30 


Costs  for  Impervious  Clay  Trenches 


Activity 


Trench  excavation 
Crew  (B12D) 


L  0.22 
E  0.78 
M 


Multiplier 


13.33  cy/ly 


Cost/ ly 

2.93 

10.40 


T  $1 . 00/ cy 

Daily  output  =  1400  cy/day 


2.  Barrow  excavation, 
native  clay 
Crew  (B15) 


L  0.81 
E  1.43 
M  1.00-4.00 


13.33  cy/ly 


$13.30/ ly 


10.80 

19.30 

13.30-53.30 


T  $3 . 30-6 . 30/cy 


Daily  output  =  600  cy/day 


$44. 00-84. 00/ Ly 


3.  Compaction* 

Crew  (B10G) 


L  0.63 
E  0.66 
M 


13.33  cy/ly 


T  $1 . 29/cy 


Daily  output  *  360  cy/day 


4.  Grading  of 

excavated  earth 
Crew  (B10M) 


L  0.41 
E  1.13 
M  - _ 

T  $1 . 54/cy 


Daily  output  =  560  cy/day 


13.33  cy/ly 


$17 . 20/ly 


5.50 

15.10 


$20.50/ ly 


^Compaction  by  roller  and  dozer  may  not  be  possible,  so  cost  may  vary. 
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Table  31 

Costs  for  Slurry  Trench 

Slurry  Trench  -  bentonite  slurry  backfilled 

Total  cost  =  $226-415/cy  =  $3000-5600/ ly 

(cost  reflects  installation,  materials,  equipment,  etc.) 

Daily  output  =  N/A 

TOTAL  COSTS: 

Labor  Equipment  Materials  Total 

Clay  trench  $27.60/ly  $53.60/ly  $13 . 30-53 . 30/ly  $  95-135/ly 

Slurry  trench  N/A  N/A  N/A  $3000-5000/ ly 


Table  32 

Advantages,  Disadvantages ,  and  Restrictions  in 
Constructing  Trenches  for 
Protecting  Groundwater 


Table  33 


Costs  for  Grouting 


Multipliers:  Volume  of  grout  =  15. 54  cy/ly 

419 . 6  cf/ly 


Activity 

1.  Installation  of 
grout  curtain, 
1:1  mix  of 
sand  and  cement 


Unit 

Cost  Multiplier 

L  8.00-19.00  419.6  cf/ly 

E 

M  4.20-5.00 
T$12. 20-24. 00/cf 


Cost/ ly 
3360-7970 
1760-2100 
$5120-10, 100/ly 


Daily  output  =  N/A 


2.  Other  material  costs 

Portland  Cement 
Bentonite 
Silicate:  20% 

30% 

40% 

Lignochrome 

Acrylamide 

Urea  Formaldehyde 


$  192/yd^ 
$  252/yd;: 
$  353/yd:: 
$  424/yd~ 
$  555/yd- 
$  313/yd^ 
$1340/yd 
$1150/yd'> 


15.54  cy/ly  = 


Cost  Range 


2980 

3920 

5490 

6590 

8620 

4860 

20,800 

17,900 

$2980-20, 800/ly 


TOTAL  COST: 


Labor  &  Equipment 
Grout  curtain  $3360-7970/ly 


Materials 
$1760-20, 800/ly 


Total 


$1500-29, 000/ly 


I 
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Table  34 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Grouting  to  Protect  Groundwater 


Function 


Advantages 


Disadvantages 


Restrictions 


Decreases 
soil/rock 
permeability 
and  seals. 

equipment  in  clayey  soils. 

mobilization 

costs) . 

Not  proven. 


Can  be  formulated  to 
set  within  a  few 
seconds . 


Sophisticated 
specialty 
machinery  re¬ 
quired  (high 


Not  suited  to 
poorly  perme¬ 
able  soil. 
Cannot  be  used 


Table  35 

Costs  for  Subsurface  Drains 


Multipliers:  Volume  of  gravel  trench  =  8.33  cy/ly 
Volume  of  clay  trench  ~  8.33  cy/ly 


Unit 

Activity  Cost 

1.  Gravel  trench  L  0.22 

excavation  E  0.78 

Crew  (B12D)  M  _ 

T  $1 .00/cy 

Daily  output  =  1400  cy/day 


2.  Clay  piping, 

6"  perforated 
vitrified  sewer 
Crew  (B20) 


L  2.53 
E 

M  2.09 
T  $4 .62/lf 


Multiplier 
8.33  cy/ly 


3  lf/ly 


Daily  output  =  200  lf/day 


3.  Borrow  excavation, 
3/4”  crushed 
stone  fill 
Crew  (B15) 


L  0.81 
E  1.45 
M  6.05 

T  $8 , 31/cy 


8.33  cy/ly 


Cost/ly 

1.83 

6.50 

$8 . 30/ly 

7.58 

6_._27 

$13 . 90/ ly 

6.75 

12.10 

5JCL40 

$69 . 20/ ly 


Daily  output  -  600  cy/day 


Table  35  (Cont'd) 
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Table  35  (Cont’d) 

Additional  costs: 


Labor  Equipment 

Materials 

Total 

Pump 

Piping 

$3.00-27 .00/lf 

$300  ea 

$1.50-16. 00/lf 

$4. 70-43. 00/lf 

Table  36 

Advantages,  Disadvantages,  and  Restrictions  in 
Constructing  Subsurface  Drainage  Systems 


Function 

Advantages 

Disadvantages 

Restrictions 

Intercept  con¬ 
taminated 
groundwater 
leaving 
the  landfill. 

Low  operation 
costs . 

Continuous  moni¬ 
toring  required. 

Most  effective 
when  depth  to 
groundwater  is 
20  ft  (areas 
of  shallow 
perched  water) , 
and  frost  zone 
is  not  too 
deep . 

Table  37 


Costs  of  Dewatering  Systems 


Activity 

1.  Wellpoints 

2” 

4" 

2,  Piping  costs, 
l"-8"  Sch  40  steel 

Crew  (Ql)  or  (Q2) 


3 .  Pumps 

A.  Centrifugal  pump, 
4-5  gpm, 

15-25 f  lift,  1/4  hp 

B.  Deep  well,  jet 
ejector  pump, 

120*  lift, 

5  gpm,  3/4  hp 

C.  4M  submersible 
pump,  180*  lift, 

23  gpm 

4.  Well  excavati  n, 

4"-6”  diam. 

5.  Well  casing, 

4"-6"  PVC 


Unit  Cost 

$22.50/lf  +  $15  for  fittings 
$30.00/ If  +  $28  for  fittings 

L  3.00-27.00 

E 

M  1.50-16.00 

T  $4 . 70-43 .00/lf 

$300  ea 

$500  ea 

$1175  ea 

$8 . 50/lf 
$4 . 10-5 . 60/lf 
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Table  38 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Extraction  Wells  and  Well  Point  Systems 
in  Dewatering  to  Protect  Groundwater 


Technology 

Function 

Advantages 

Disadvantages 

Restrictions 

Extraction 

Plume 

High  design 

Performance  inade¬ 

Best  suited  to 

wells 

containment 

.  flexibility. 

quate  in  fine  silty 

areas  of 

Systems 

soils.  Higher  0&M 

permeable 

easily  dis¬ 

than  for  ground- 

bedrock  where 

mantled  & 

water  barriers. 

impermeable 

reins  tailed . 

Extensive  moni¬ 

barriers  can¬ 

Construction 

toring  may  be 

not  contain 

costs 

required . 

vertical 

usually 
lower  than 
for  ground- 
water 

barriers . 

migration . 

Well- 

Lower 

(As  above) 

(As  above) 

(As  above) 

point 

water 

systems 

table  to 
prevent 
contami¬ 
nation. 

Table  39 

Costs  for  Leachate 

Collection 

Multipliers:  Volume 

of  trench  =  f  cy/Ly 

Volume  of  sump  tank  =  1000-1500  gal  =  5—75  cy 


Activity 

Unit 

Cost 

Multiplier 

Cost/ly 

1.  Trench  excavation 
Crew  (B11C) 

L  1.93 

E  0.89 

M 

1  cy/ly 

St 

=* 

1.93 

0.89 

T  $2 .82/cy 

at 

$2 . 82/ ly 

Daily  output  *= 

150  cy/day 
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Table  19  (Coat'd) 


Unit 

Activity 

Cost 

Multiplier 

Cost/ly 

Drainage  pipe,  4" 

L 

1.91 

3  ly/ly 

= 

5.73 

A.  Vitrified  clay 

E 

- 

= 

- 

Crew  (B20) 

M 

1.49 

= 

4.47 

T 

$3.40/ly 

= 

$10 . 20/ly 

Daily  output  = 

265  ly/day 

B.  PVC,  class  160 

L 

2.53 

3  lf/ly 

ss 

7.59 

Crew  (B20) 

E 

- 

= 

- 

M 

1.54 

= 

4.62 

T 

$4 .07/lf 

= 

$12. 20/ly 

Daily  output  = 

200  ly/day 

Borrow  excavation. 

L 

0.81 

1  cy/ly 

=: 

0.81 

3/4"  crushed 

E 

1.45 

1.45 

stone  fill 

M 

6.05 

= 

6^05 

Crew  (B15) 

T 

$8.31/cy 

= 

$8. 31/ly 

Daily  output  ** 

600  cy/day 

Grading  excavated 

L 

0.41 

1  cy/ly 

= 

0.41 

earth 

E 

1.13 

= 

1.13 

Crew  (B10M) 

M 

- 

= 

- 

T 

$1.54/cy 

= 

$1 . 54/ly 

Daily  output  = 

560  cy/day 

Collection  sump 

L 

0.86 

5-75  cy/ea 

= 

4.30-64. 

excavation 

E 

0.92 

= 

4.60-69. 1 

Crew  (B12A) 

M 

- 

= 

- 

T 

$1. 78/cy 

= 

$8.90-134 

Daily  output  = 

360  c 

:y/day 
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Table  39  (Cont'd) 


Unit 

Activity  Cost  Multiplier  Cost/ ly 

6.  Sump  tank,  1000-15,000 

gal  capacity  L 

A.  Precast  concrete  E 

Crew  (B21)  M 

or  (B13) 

T 

Daily  output  =  1-8  ea/day 

B.  Fiberglass  L  344-1720 

Crew  (Q7)  E 

M  3060-9350 

T$3400-ll , 100  ea 

Daily  output  =  0.4-2  ea/day 

7.  Pumps,  4” 
submersible,* 

1-5  hp,  }.  7-1494 

Crew  (B21) 


Daily  output 

8.  Piping* 

1-8"  Sch  40  steel 
Crew  (Ql) 
or  (Q2) 


Daily  output  =  27-89  ly/day 
TOTAL  COSTS: 

Labor  Equipment  Materials  Total 

Drainage  trench  $  8 . 90-10 . 70/ly  $  3.50/ly  $  10 . 50-10 . 70/ly  $  22 . 90-24 . 90/ly 

Sump  $  78-1800  ea  $12-342  ea  $209-9350  ea  $  300-12,000  ea 

Pump  $536-655  ea  $54-66  ea  $580-1650  ea  $1100-2400  ea 

Piping  $  3—27 /If  $  -  $  1 . 50-16/lf  $  4.50-43/lf 


*Pump  and  piping  requirements  are  highly  variable;  depend  on  maintenance, 
type  of  materials  to  be  pumped  (corrosiveness,  viscosity,  etc.),  and  quantity 
to  be  pumped. 


L  536-655 
E  54-66 
gpm  M  580-1650 

T$1170-2370  ea 

=  1  ea/day 

L  3.00-27.00 

E 

M  1.50-16.00 
T  $4 . 50-43.00/ If 


74-737 

7.40-273 

209-6050 

$290-7070  ea 
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Table  40 


Advantages,  Disadvantages,  and  Restrictions 
in  Collecting  Leachate 


Function 

Advantages 

Disadvantages 

Restrictions 

Intercepts  sub¬ 
surface  leachate 

to  treatment  or 

recirculation 

system. 

Operation  costs 
low.  Less  risk 
to  install  and 
operate  than 
impervious 
liners . 

Continuous  and  pre¬ 
cise  monitoring 
required . 

Limited  applica¬ 
bility  where 
soils  are  of  1 ow 
permeability . 

Mut  t  be  properly 
tre  ked  and 
discharged . 

Table  41 

Costs  for  Leachate  Treatment 

Activity 

Unit  Cost  x  $1000 

Activated  sludge  treatment  with  clarifier 

125-500 

Ammonia  stripping 

50-200 

Anaerobic  facultative  lagoons 

175-450 

Biological  seeding  with  pure  oxygen  activation 

230-300 

Carbon  adsorption  with  1  regeneration 

75-200 

Chlorination 

25-75 

Equalization 

25-75 

Ion  exchange 

200-500 

Liquid  ion  exchange 

200-500 

Precipitation/f loc  sedimentation 

40-100 

Pure  oxygen  activated  sludge 

75-400 

Rotating  biological  disc  and  clarifier 

75-500 

Trickling  filter 

75-200 

Wet  air  oxidation* 

40-100 

*Manual  for  Remedial  Actions  at  Waste  Disposal  Sites 

(JRB  Associates,  1980). 
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Table  42 


Advantages,  Disadvantages,  and  Restrictions  in 
Using  Liners  for  Gas  Control 


Function 


Advantages 


Disadvantages 


Restrictions 


Contains  gas 
f  low. 


Clay  materials,  if 
available  on-site 
or  nearby  may  be 
economical . 


May  crack  under  differ¬ 
ential  settling  and 
weathering.  Synthetic 
materials  are 
expensive,  if  clays 
are  not  available. 


Must  be  in¬ 
stalled 
before 
landfilling . 


Table  43 

Costs  for  Gravel  Trench 


Unit 

Activity 

Cost 

Multiplier 

Cost / ly 

Trench  excavation 

L 

0.22 

13.33  cy/ly 

— 

2.93 

Crew  (B12D) 

E 

0.78 

= 

10.40 

M 

Z - 

= 

— ” — _ 

T 

$1 .00/cy 

* 

$13. 30/cy 

Daily  output 

=  1400 

cy /day 

.  Borrow  excavation, 

L 

0.81 

13.33/ cy 

= 

10.80 

3/4"  crushed 

E 

1.45 

= 

19.30 

stone  fill 

M 

6.05 

= 

80.70 

Crew  (B15) 

T 

$8 . 31/cy 

= 

$lll/ly 

Daily  output 

=  600  c 

y/day 

FVC  liner, 

L**  0.30-0.50 

8.67  sy/ly 

- 

2.60-4.34 

20  mil* 

E 

- 

= 

- 

M**  1.00-1.50 

= 

8.67-13.00 

T 

$1 . 30-2 .00/ sy 

* 

$11.30-17.30/ 

Daily  output 

=  N/A 

^Manual  for  Remedial 

Actions 

at  Waste  Disposal  Sites  (JRB 

Associates,  1980). 

**Assumed  labor  and  material  cost  distribution. 


Table  43  (Cont'd) 


Activity 

Unit 

Cost 

Multiplier 

Grading  of 

L 

0.41 

13.33  cy/ly  = 

excavated  earth 

E 

1.13 

“ 

Crew  (B10M) 

M 

— — 

T 

$1.54/ cy 

= 

Daily  output  = 

560  cy/day 

Optional-vent  pipes 

,  L 

1.69-2.81 

1-1/2  to  6"  PVC, 

E 

- 

class  160 

M 

0.32-2.75 

Crew  (B2Q) 

T 

$2.01-5 . 56/lf 

Daily  output  =  180-300  If /day 


Table  44 

Costs  for  Vent  Well 


Activity 

1.  Well  excavation 


Unit 

Cost  Multiplier 


L*  2.30-3.50 
E*  2.50-5.50 
M 


T  $5 .00-11 .00/lf 


Daily  output  =  N/A 

L  0.81  0.12  cy/lf 

E  1.45 
M  6.05 

T  $8. 31/cy 

Dally  output  =  600  cy/day 


2.  Borrow  excavation , 
3/4"  crushed 
stone  fill 
Crew  (B15) 


^Assumed  labor  and  material  cost  distribution. 


Cost/ ly 

5.47 

15.10 


$20 . 50/ ly 


Cost/ly 

2.50-5.50 

2.50-5.50 

$5. 00-11. 00/lf 


0.10 

0.17 

0.73 

$1. 00/lf 
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Table  44  (Cont'd) 


3.  PVC  vent  pipe, 
1-1/2  to  6"  PVC, 
class  160 

Crew  (B20) 


TOTAL  COSTS: 


Unit 

Cost 

L  1.69-2.81 
E 

M  0.32-2.75 


T  $2.01-5 .56/lf 


Cost/ ly 
1.69-2.81 
0.32-2.75 
$2. 01-5. 56/if 


Labor  Equipment  Materials  Total 

Gravel  trench  $21 . 70-23. 60/lf  $44.80/lf  $89 . 30-98 . 00/lf  $155-166/ly 

Optional  ventpipe  $  1.70-2.80/lf  $  -  $  0.30-2.80/lf  $  2. 00-5. 60/lf 

Gravel  ventwell  $  4.30-8.40/lf  $  2.70-5.70/lf  $  1.00-3.50/lf  $  8-18/ If 


Table  45 

Advantages  and  Restrictions  in 
Venting  Gases 


Function 


Advantages 


Restrictions 


Control  convective  sub¬ 
surface  migration  of 
gases . 


Relatively  inexpensive.  Best  used  in 

small  areas 
(5-6  acres) . 
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Table  46 


Costs  for  Pumped  Wells 


Activity 


1.  Manifold  piping, 

6-8"  galvanized  steel 
Crew  (Q2) 


Daily  output  =  27-31  lf/day 

2.  Fan,  500-2000 
cu  ft/min  (8" 


Unit  Cost 

L  16. 10-18. 50/lf 
E 

M  19.10-27.50 
T  $35. 20-46. 00/lf 


$1900-2050  ea 


*Manual  for  Remedial  Actions  at  Waste  Disposal  Sites  (JRB  Associates, 


Table  47 

Restrictions  in 
Using  Pumped  Wells 


Function 


Restrictions 


1980)  . 


Control  diffusive  subsurface 
migration  of  gases. 


Well  suited  in  combination 
with  gas  recovery  system. 


Table  48 


Costs  for  Monitoring 


Activity 

Unit  Cost 

Soil  testing  10  samples/acre 

2160.00/acre 

Hydrometer  analysis  and  specific  gravity 

60.00  ea 

Seive  analysis,  washed 

8.00  ea 

unwashed 

50.00  ea 

Moisture  content 

8.00  ea 

Permeability 

50.00  ea 

Proctor  compaction 

40.00  ea 

Test  wells  -  Gas  probe  included  along  with 
pressure  measurement  and  three 
test  wells/acre  of  at  least 

20.00-28.00/ft 

20  ft  depth 


Table  49 

Costs  for  Cable  Canopy 


Activity 

Unit  Cost 

Wire  rope 

$0.70/lf  (material  only) 

Fiber  core,  1/2"  diameter 

Support  posts 

L 

20 

3"  diameter, 

E 

- 

15'  high 

M 

206 

Crew  (Bl) 

T 

$226  ea 

Concrete  anchors 

L 

5.17 

Crew  (C6) 

E 

0.25 

M 

40.00 

T 

$45 .40/cy 
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Costs  for  Controlling  Access 


Unit 

Activity 

Cost 

Multiplier 

1. 

Fence  installation 

L  3.19 

800  If 

6r  high  with  three 

E 

strands  barbed  wire, 
2,f  line  posts  @  10* 

M  7.04 

on  center; 

1-5/8"  toprail 

T  $10 . 20/ If 

6  gauge  galvanized 
steel  wire 

Crew  (Bl) 

Daily  output  = 

125  If /day 

2. 

Corner  posts. 

L  20.00 

4  posts 

3n  diameter, 

E 

galvanized  steel 

M  82.50 

Crew  (Bl) 

T$102/pos t 

Daily  output  = 

20/day 

3. 

Braces,  gal¬ 

L  4.99 

36  braces 

vanized  steel 

E 

Crew  (Bl) 

M  ]9 .80 

T  $25.00  ea 

4. 

Gate  for  6r  fence. 

L  5 

60  If 

1-1/2"  frame. 

E 

galvanized  steel 

M  33 

Crew  (Bl)  M 

T  $38/lf 

Daily  output  - 

80  If /day 

5. 

Concrete  anchors, 

L  5.17 

8-0.44  cy 

2500  psi  redimix, 

E  0.25 

2'  x  2’  x  3’  ea 

M  40.00 

T  $45.40/ cy 

TOTAL  COSTS: 


Equipment 


Total 

Cost 

2550 

5j>30 

$8180 


80 

330 

$410 

180 

in 

$890 

300 

1980 

$2280 

18.20 

0.90 

140.80 

$160 


Access  control 


Labor 

$3130 


Materials 

$8800 


Total 

$11,900 


Figure  2.  Typical  levee  design 


Yes  No 


Benches/  Chutes  and  downdrains 

terraces  Grading  and  planting 

Grading  and 
planting 


Figure  A.  Decision  flow  for  surface  water  technologies. 
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SWALE  or  ditch 


Figure  6.  Bench  terrace  with  reverse  fall. 


DITCH 


Figure  7.  Bench  terrace  with  natural  fall 


Discharge  into  a 
stabilized  watercourse, 
sediment  trapping  device" 
or  onto  a  stabilized  area. 


Earth  dike 


Flexible 
pipe 


(9)  less  than  1%  slope 


Rip -rap  shall  consist  of  6 
diameter  stone  placed  as  shown 
Depth  of  apron  shall  equal  the 
pipe  diameter  and  rip-rap  shall 
be  a  minimum  of  12"  in  thickness 


Rip- rap  apron  plan 


Figure  8,  Flexible  downdrain  (from  Erosion  and  Sediment  Control: 

Surface  Mining  in  the  Eastern  United  States.  EPA  Technology 
Transfer  [EPA,  1976]). 
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4 


r 


Figure  9.  Drainage  system  layout  (from  In^roductogj  Soj.1  Mechanj.cs  find 
Foundations,  prird  Edition,  by  G.  B.  Sowers  and  G •  F.  Sowers 
[Copyright  (c^)  1970  by  Macmillan  Publishing  Co.,  Inc.],  p  184) 


EMBANKMENT 


Figure  10.  Typical  design  of  a  sediment  basin  embankment. 
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Figure  11.  Surface  capping  alternatives. 
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bedded  in  dro»n  rock 


(Pollutants 
present 


Pollutants! 
present  f 


Pollutants 
;  present 


What  is 

What  is 

What  is 

annual 

annual 

annual 

precipitation? 

precipitation? 

precipitation? 

Greater 
than 
20  In. 


Greater 
than 
30  in. 


Greater 
than 
40  In . 


Pollutants 

present 


Pol lut  ants 
present 


Pollutants 

present 


Surface  capping 
Grading  4  planting 
Trenches** 

Grouting** 

Dewatering  systems** 
Subsurface  drains 
Leachate  collection  and 
treatment 


Surface  capping 
Grading  4  planting 
Trenches** 

Grouting** 

Dewatering  systems** 
Subsurface  drains 
Leachate  collection  and 
treatment 


Surface  capping 
Grading  4  planting 
Trenches** 

Dewatering  systems** 
Subsurface  drains 
Leachate  collection  and 
treatment 


*If  monitoring  indicates  presence  of  pollutants  in  groundwater  proceed  through  decision. 
**Conduct  economic  comparison  to  determine  which  technology  to  employ. 


Figure  13.  Decision  flow  for  groundwater  technologies. 
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FINAL  soil  COVER— ^ 


INITIAL  CONTAINMENT  DESIGN 


Figure  14.  Trench  placement. 

=2 


MEDIUM  SAND 

f  iNL  SAND 
COARSE  SAND 
I  fINl  SANl 
I  WITH  (1  At  .1  AMS 


Figure  15.  Grout  curtain  placement. 
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Figure  16.  Typical  two-row  grid  pattern  for  grout  curtain. 


GROUNDWATER 


Figure  17.  Subsurface  drainage  system 


AD-A113  371  CONSTRUCTION  ENGINEERING  RESEARCH  LAB  (ARMY)  CHAMPAIGN  IL  F/G  13/2 

ALTERNATIVES  FOR  UPGRADING  OR  CLOSING  ARMY  LANDFILLS  CLASSIFIED— ETC ( U) 
FEB  62  C  WIEGAND»  G  GERDES.  B  DONAHUE 

UNCLASSIFIED  CERL-TR-N-123  Nt 


BEFORE  PUMPING 
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, — Encovotion  area 


Collection: 
I  drains  —  | 


L- 


Strn.p  fur 

rsmovol 


PLAN 


Figure  21.  Leachate  collection  system. 


98 


Raw  Leachate 


Waste  Solids 


*■ 


Carbon 

Adsorption 


Regenerant  s 
57.  H2S04  * 


Cation 

Exchange 


/ 


Recovery  or 
inal  Disposal 


Figure  22.  On-site  treatment  of  unrecycled  leachate 


I 


What  conditions  cause  air  problems  at  the  site 


Open  burning 


Dust 


_ J 

1 

Water  access 

What  types  of  wastes 
are  burned  ? 

roads  and 
working 

areas 

i 

Blowing  debris 

i 

*  Water  access  roads  and 
working  areas 
►  Construct  portabLe 
fences  adjacent  to 
active  disposal  area 


Field  or  agricultural 
wastes,  diseased  trees, 
land  clearing  debris,  • 
debris  from  emergency 
cleanup  operations, 
silvacultural  wastes, 
ordnance 


Obtain  appropriate  permit 
for  burning  from  State 
authorities 


Residential,  commercial, 
institutional,  or 
industrial  wastes 


Discontinue  burning 


Figure  24.  Decision  flow  for  air  protection  techniques • 
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J  Does  the  landfill  accept  organic  wastes  ?  | 

1 

i 

Y< 

_ 3 

t  i 

as  No¬ 

site  complies 

l 

|  What  is  soil  type  ? 

1  1  1 

Sand  or  Loam  Clay 

gravel  I  | 


*  ♦ 

Monitor 


Gases 

detected 


_ i _ 

What  is  the  distance  to  the  nearest  facility  ? 

_ _ _ _  l~:  ~~  :  ~ 

}f  i 

300  ft  or  less  More  than  300  ft 


Gases 

detected 


Monitor^- 


± 


Is  gas  to  be 

further  treated  or  recovered  ? 

i 

i 

No 

I 

I 

Yes 

1 

l 

Liner 

i 

Liner 

Venting  system  Pumped  well 


Figure  25 •  Decision  flow  for  gas  control  technologies. 
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GAS  FLOW 


Figure  26.  Liners.  Figure  27.  Venting  system. 


EXHAUST 


Figure  28*  Pumped  well 


PRECAST  VAULT  BOX 


Figure  29.  Typical  gas  probe 


Are  combustible  wastes  disposed 
at  the  site  ? 


Yes  No  - 


Landfilling  and  occasional  burning 
of  land  clearing  debris,  field  or 
agricultural  wastes,  diseased 
trees,  debris  from  emergency  clean¬ 
up  operations,  silvacultural  wastes, 
ordnance _ j 

•  Apply  6"  minimum 
of  cover  material 
daily 

•  Secure  water  for 
accidental  or 
authorized  fire 
control 


Figure  30.  Decision  flow  for  fire  control  technologies. 
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site  complies 


•  Apply  daily  cover 
material 

•  Teleshot 

•  Wire  canopy 


Figure  31,  Decision  flow  for  bird  hazard  technologies. 
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limited  to  authorized  personnel  during 


w 

1 

o 

c 

"O 

o 

c 

<y 

u 

00 

C 

c 

0) 

>4-1 

W 

3 

-o 

c 

01 

T3 

"O 

03 

01 

i-H 

4-) 

O 

CO 

03 

U 

u 

*  00 

4-1 

3 

03 

O 

0) 

Cl 

j£ 

4-1 

•ri 

00 

CO 

r-H 

c 

u 

•H 

03 

cO 

4J 

£ 

1—t 

03 

W 

3 

P 

00 

<u 

CO 

0) 

CL 

4—1 

J-< 

o 

U 

03  U 

cn  O 

»  DC 

41  T3  OJO 


0)  T3  OJ0  Cfl 

c  <y  c 

u  cc  M  ^ 

03  ^  00  U 

0>  P  5  C  U 

, ■— i  O  O  *H  03 

O  C 

V4  0)  *  Q  03  4 

W  vm  QJ  ^ 

£  ^  H  P 

o  5^  <d  to  a. 

<J  «D  ofl  Q.  o  J 


00 

I  C  — ' 

r-  Q.  ‘*4  V 

O  V  c 

’<-L  Q>  r— (  C 

u  ~3  J*  o  o 

o»  03  >»  >-  « 

M  N  X>  Qi  *-*  u 

<y  •*  U  ?J  D 

O.  ^  h  CL  CX 

o  o  03  00 

,C  C  "O  ^ 

OO^CWC^ 
C  3  O  0)  03  ‘H 

•W  !3  «  &•  -A 

M  Vi  O  DC 
^  O  0)  L»  C 

"rt  *j  cl  G*  ***  lg 


Ul  r-i 

0) 

o.  o  « 

O  Li  03 
V  u  C 

a  os  c 
o.  o 
>>  c/) 

-O  ^3  L 

c  « 

r-4  CO  CL 

03 

c  00  4) 

C  C 

O  *H  *M 

co  a*  co 

l  U  03 
l.  <y  oj 
i  a*  ^  .o 


oo 

-n 

-3  C 

03  i-4 

U  L* 

C  3 
o)  -a 

T3 

•03  03 

c^» 

G  ^ 
cO  — « 

CO 

O 

u 

'O  M 

3 

03  W 

O 

4-1  CO 

-C  _ 

aj  a 
-  00 

00 

>s 

c 

03  *-4 

•H 

4-1  JU 

w 

•H  CO 

CO 

C/l  i—4 

M 

3 

03 

03  00 

a 

JS  <13 

0 

4J  L 

i 

e 

V)  Li 

0 

-<  o 

G 

Figure  32.  Decision  flow  for  access  control  techniques. 


APPENDIX  A: 


OPERATION  AND  MAINTENANCE  COSTS  FOR 
IDENTIFIED  TECHNOLOGIES 


Descript ion 

Berms t  dikes  and  levees 
Floodvalls 

Control  of  backwater  flow 
Dredging 

On-shore  excavation 
Ditches,  diversions  and 
waterways 

Trenches  and  benches 
Chutes  and  dovndrains 
Drainage  systems 
Drainage  systems:  trenches 
Drainage  systems:  recharge 
Sedimentation  ponds  and  basins 
Grading  and  revegetation 
Surface  capping 
Liner 8 

Slurry  and  clay-filled  trench 
Grouting 

Subsurface  drains 
Dewatering 
Extraction  wells 
Leachate  collection  systems 
Leachate  treatment 
Leachate  attenuation 

Active  control  systems 

Groundwater  monitoring 

Assessing  potential  gas  hazard 


Bird  hazards:  cable 
Access:  fence 


Average  O&M  Cost 

3.5%  of  initial  capital  cost 
4.0Z  of  initial  capital  cost 


9Z 

of 

initial 

cap ital 

cost 

11 

of 

initial 

capital 

cost 

6  Z 

of 

init  ial 

cap ital 

cost 

5Z 

of 

initial 

capital 

cost 

51 

of 

initial 

capital 

CO  St 

7% 

of 

initial 

capital 

cost 

4Z 

of 

initial 

capital 

cost 

TZ 

of 

initial 

cap ital 

cost 

4Z 

of 

initial 

capital 

cost 

3Z 

of 

initial 

capital 

cost 

5Z 

of 

initial 

cap ital 

cost 

5Z 

of 

initial 

capital 

cost 

ZZ 

of 

initial 

cap ital 

cost 

2Z 

of 

initial 

capital 

cost 

5Z 

of 

initial 

cap ital 

cost 

5Z 

of 

initial 

cap ital 

cost 

6Z 

of 

initial 

capital 

cost 

4Z 

of 

initial 

cap ital 

cost 

15Z  of  initial  capital  coat 

6Z 

of 

initial 

capital 

cost 

8Z 

of 

initial 

capital 

cost 

$400 .00/ sample  +  lX/well  of 
initial  capital  cost 
$700.00/ sample  +  IZ/well  of 
initial  capital  cost 

4Z  of  initial  capital  cost 

4Z  of  initial  capital  cost 
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APPENDIX  B: 


CREW  DESCRIPTIONS  AND  COSTS 
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METRIC  CONVERSIONS 


1  acre  *  0.41  ha 
1  ft  =  304.8  mm 
1  Cu  ft  *  2.83  x  10'2  m3 
1  sq  ft  -  9.29  x  10-2  *2 

1  gal  *  4.54  L  co, 

1  gal /min  -  6.31  x  10~5  m3/sec 

1  in.  ■  25.4  mm 
1  mi  *  1.61  km 
1  pai  “  6.9  kPa 
1  ton  B  0 .91  MT 
1  yd  -  0.91  m 
1  Cu  yd  -  7.65  x  10'*  m3 
1  gq  yd  '  8.36  x  10-3  m2 
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